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THERAPEUTIC AND DUGNOSTIC COMPOUNDS, 
COMPOSITIONS, AND METHODS 

Background of the Invei^ tinf^ 

5 The invasive growth ofcancCT cells into bone tissues often results 

in severe pain syndromes and may ultimately result in death. Ionizing radiation 
has beemised to achieve a reduction in pain. In particular, external radiation 
therapy has been applied in cases where bone pain is restricted to focal areas. 
For disseminated bone metastases, however, a treatment which focuses the 
1 0 radiation dose to bone tissue and particularly to bone metastases is desirable. 

Prior to therapy it is necessary to obtain reliable diagnostic 
information and to this end several approaches have been tried. An approach 
that has been the subject of a number of patents, for example, U.S. Pat No. 
3,974,268 to Subramanian et al., involves the use of a technetium-99m 
15 diphosphonate complex as a skeletal imaging agent. Tliis approach utilizes a 
diphosphonate as both the bone-seeking agent and the complexing agent for the 
radionuclide. Such an approach has at least three mafor disadvantages. First, by 
involving the bone-seeking agent in the complexation of the metal radionuclide, 
the ability of the agent to direct, or "target," the radionuclide to the desired site 
20 may be diminished. Second, because diphosphonate salts or chelates are known 
to fomi polymers, a preparation of diphosphonates and radionuclides typically 
includes multiple forms of diphosphonate-radionuclide complexes which have 
diiBFering charge and uptake properties. Thhrd, the complex formed between a 
diphosphonate and a radionuclide is not of optimal stability which may 
25 necessitate purification of the diphosphonate complex prior to use. Further, even 
a purified diphosphonate complex may lose the radionuclide during its use. 

US. Patent No. 4,853,209, is directed to the use of Sm-153, 
Gd-159, or Ho-166 complexed with a ligand selected fiom 
ethylenediaminetetramethylene-phosphonic aci<^EDTMP), diethylenetriamine- 
30 pentamethylenq)hosphonicacid(DTPMP),hydroxyethylethylenediamine- 
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lrimethylenq)hoq)lioiiic acid (HEEDIMPX nitrilotrimethylCTepho^honic acid 
(NTMP), and tris(2-amiiioethyl)aininehexamethylenephosplK^^ acid (TTHMP), 
to siqq»ess bone manow growth. 

U.S. Patent No. 4,882,142, is directed to a mediod for the 
5 siq)pression of bone manrow and to a composition for use in the method. The 

method comjprises administering a bone marrow s^ipressing amount of at least 
one composition comprised of a radionuclide Sm-1 53, Gd-159, or Ho-166, 

completed with 1,4.7,10-tetraazacycIododecanemethylenephosphonic acid as the 
macrocyclic chelating moiety. 

U.S. Patent No. 5,059,412 is directed to compositions comprising 
aparticle emitting radionuclide complexed with amacrocyclic aminophosphonic 
add, wherein the nitrogen and phosphorous are interconnected by an alkyiene 

U.S. Patent Nos. 532,109 and 5,089,249 are directed to 
15 wnjugates formed from calcified tissue targeting agents and radiolabeled 
compounds. One conjugate comprises a chelate and a targeting agent that is 
capable of associating with calcified tissue, wherein the chelate contains at least 

one nitrogen atom or at least one sulfiir atom, or a combination thereof: 

fii spite of the above disclosures, a continuing need exists for 

20 ther^utic and diagnostic agents that are useful for bone marrow suppression, 
cancer therapy, treating bone pain, and as diagnostic agents. Ptefened agents 
, may possess improved stabUity, improved uptake in bone, or inq»oved relation 
in bone. 

^ Summary of the Invenrini^ 

Applicant has discovered a group of structurally distinct 
radionucUde complexes diat target bone, and thus, aie usefiU as diagnostic (e.g.. 

imaging) agents and as therapeutic agents (e.g., for bone marrow suppress ' 
cancer therapy, tineatirig bone pain, or treating other bone related diseases). 

30 Accordingly, the mvention provides a complejHifthe invention comprising: 
a) coiiq)ound of formula I: 
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N-(CH2)i 



I I 

\ 

(CH2)„- 

0) 



each R, is indepoidently hydrogoi or (Ct-CJalkyI, optionally 
substituted with caiboxy (COOH); 

eadi X is indq)aidaitly (CH})^ or 




and each n is independently 2, 3, or 4; 

wherdn the compound of formula I is substituted <ni one or more 
(e g. 1, 2, 3, <Mr 4 ) carbons other than a cailxm of R, with one or more (e.g., 1, 2, 
3,or4)groups.Y(PO,H2).,; wherwnY is a linker group; and m is 1, 2. 3. 4, 5, 
or 6; or a phatmaceuticaUy acceptable salt thereof; and 
b) a detectable or diCTs^ttc radionuclide. 

The invention also provides a method for detecting die i»esaice 
or absence of a calcified tissue target site within a mammal, comprising: 
1 5 admim'stering to the mammal a detectable dose of a complex of the invention; 

and detecting the compound in the mammal to detennine the presence or absoic^ 
ofthetaigetsite. 

The invention also provides a ther^eutic method for treating a 
bone related disease in a mammal in need of such therapy con^>rising 
20 administering to the mammal, an effective amount of a con^lex .of the invention 
conqnising a tfier^peutic raditmucUde. 
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The invention also provides a therapeutic method for suppressing 
bone manow in a mammal in need of such therapy comprising administering to 
the mammal, an effective bone marrow suppressing amount of a complex of the 
invoition comi»ising a thoapeutic radionuclide. 

5 The invention also provides a therapeutic method for treating 

cancer in a mammal m need of such therapy comprising administering to the 
mammal, an effective amount of a complex of the mvention comprising a 
tha-:q)eutic radionuclide. 

The invention also provides a therapeutic method for treating 

10 bonepaininamammalinneedofsuchtherapycomprisingadministeringtothe 
mammal, an effective amount of a complex of the invention comprising a 
thmip^c radionuclide. 

The invention also provides a pharmaceutical composition 
comprismg a complex of the invention and a pharmaceuticaUy accq>table carrier. 

invention also provides a complex of the invention for use in 
medical (her^y or diagnosis. 

The invention also provides the use of a complex of the invention 
to prepare a medicament useful for suppressing bone marrow in a ihammal, for 

treating cancer in a mammal, for treating bone pain in a mammal, or for treating 
20 a bone related disease in a mammal. 

The invention also provides intermediates useful for preparing 
complexes of die invention (e.g., compounds of formula I), as weU as processes 
useful for preparing complexes of the invention and for preparing compounds of 
f<»mulaL 

The prwent invention also provides compositions comprising a 
complex of the invention combined with an effective stabilizing amount of 
ascorbic acid or otiier stabilizing agent (e.g. gentisic acid) buffoed to pH 7-8, as 
well as methods for preparing the compositions. TTie ascorbic acid maintains the 
radionuclide complex stability and reduces die amount of fiee radionuclide 
deUveredftivfvo. For example, ascorbic acid may be present in the unit dosage 
forms ttsefid in the practice of the present invention at about 35-75 mg/hil of 
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composition. Stabilization unexpectedly inhibits radiolytic degradation of the 
complexes, and thus allows distribution to hospitals at high levels of purity, with 
hi^ levels of the radionuclide. 

Brief Descri irtion of the f^ ffiray 
FIG. 1 illustrates representative compounds of formula (I) 
FIG. 2 illustrates reprissentative conqxnmds of formula (0 
"JFIG. 3 illustrates r^resoitative c(»npounds of formula (I) 

FIG. 4-9 illustrate the synthesis of representative compounds of 
formula (I), and intomediates nseiul for piq>aring 
cotopovaads of f(»mula (J). 



Detailed Deserip rimi 
The following definitions are used, unless otherwise described: 
15 halo is fluoro, chloro, bromo. or iodo. Alkyl denotes both straight and branched 
groups; but reference to an individual radical such as 'Vropyr embraces only the 
straight chain radical, a branched chain isomer such as "isopropyl" being 
specifically referred to. Aiyl denotes a phenyl radical or an ortho-fiisedbicycKc 
caibocyclic radical having about nine to ten ring atoms in which at least one ring 
20 is aromatic. 

It will be appreciated by those skilled in the art that compounds of 
the invention having a chiral center may exist in and be isolated in optically 

active and raconicfonns. Some compounds may exhibit polymorphism. Itisto 
be understood that the present invention encompasses any racemic, optically- 

25 active,polymoiphic,orstereoisomericfonn,ormixturesthereo^ofacompou^ 
of the invention, which possess the useful properties described herein, it being 
weU known in the art how to prepare opticaUy active foims (for example, by 
resolution of the racemic form by reaystallization techniques, by synthesis fiom 
optically-active starting materials, by chiral synthesis, or by chromatographic 

30 sqjaration using a chiral stationary phase). 
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The terai •'bone manow restoration** includes partial or complete 
regeneration or augmentation of the bone manow by mairow transplantation ot 
stem cell transplantation and/or stimulation of bone manow regeneration by 
administration of growth factors such as cytokines, glycoproteins and the like. 
5 The tenn •'bone manow transplant (BMT)" includes autologous, 

allogenic, xenogenic manow transplantation and stem cell transplantation. 

Hie tenn ••calcified tissue** includes bone as well as other tissue 
that may be undergoing pathological calcification. 

The term •'disease** includes pathologies and deleterious 
10 conditions, such as inflammatory responses and genetic disorders. 

The tenn "mammal** means a warm blooded mammal, including 
humans, and is meant to encompass mammals in need of bone marrow 
suppression. especiaUy humans; thus in some instances the tenn -patient" or 
-subject** is attematively used for mammal. 

The term •'suppressing bone marrow** includes partial or 
essentially total eradication (ablation or myeloablation) of the bone manow, in 
particular, a tenqwrary or pennanent reduction of the hemopoietic stem ceU 
pq>ulaticm. 

The present complexes and methods can also be employed to treat 
20 Pat»K>Iogie80therthancancerassodatedwith(atornear)mammalianbone,^ 
can be ameUorated by partial bone manow siqjpression or by complete bone 
manowablationfoUowedbybonemanowtranspIantation. Thus, the tenn Ixme 
related diseases** includes but is not limited to, immunological disorders such as 
autoimmune diseases, e.g., Crohn's disease, rheumatoid arthritis or multiple 
25 sclerosis; metabolic diseases, such as osteoporosis or osteopenia; infections and 
infectious disease, inflammatory diseases such as osteomyelitis or Paget*s 
disease; hematopoietic disorders, and conditions treatable with stem ceU 
transplantation, with or without gene ther^y. that utilize bone manow ablation, 
sudi as sickle ceU anemia and lysosomal and peroxisomal storage diseases. 
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Complexes 

Typically, the tadiomiclide complex is taken up pieferentiaUy by 
bone so Oat it is possible to deliva a b<me marrow siq>pressing dose of radiation 
to the bone marrow. The radionuclide also should be cleared rapidly from the 
5 blood. The radiation exposure is reported using the Grey scale (Gy). The 
amount of radioactivity required to deliver a desired dose to manow can be 
deteimined using a diagnostic dose of about 1200-2000 MBq (about 30 mCi to 
about S^mCi) of the radionuclide/Ugahd. A determination of the doses of 
radiation delivered by the present complexes can be made using the 
10 methodologies of Bardies, M. and M. Myers (1996); "Computational methods in 
radionuclide dosimetry." Phvsics in Medicine and Biolopv 41 ; 1941-1955; 
BayouA, J. (1993); A Dosimetric Study of RadionucUde Therapy for Bone 
Manow Ablation. Radiation Phvsics Houston, University of Texas - Houston 
Graduate School of Biomedical Science: 111; Beddoe, A. H., P. J. Darley, e/ al. 
1 5 (1976); "Measurements of trabecular bone structure in man." Phvsics in 
Medicine & Biology 21(4); 589-607; Bigler, R. and H. Woodard (1976); 
"Skeletal Distribution of Mineralized Bone Tissue in Humans." Healdi Phvsics 
31(9): 213-218; Champlin. R. and R. Gale (1987); "Bone marrow transplantation 
for acute leukemia: recent advances and comparison with alternative therapies." 
20 gemin. Hematol 24: 55-67; Champlin, R. E. and R. P. Gale (1 984); "Role of 
bone marrow transplantation in the treatment of hematologic malignancies and 
solid tumors: critical review of syngeneic, autologous, and allogeneic 
transplants." Cancer Treatment 145^}; Eckennan, K. and H 

Stabin (1994); ''Dose conversion factors for marrow and bone by skeletal 
25 regions; "Journal of Nuclear MediaW^SV 1 12P; Hiu, T. E. and J. W. Poston 
O^^V' A model of the circulating hl pod for use in radiation dose calculations^ 
Proceedings of International Conference on Radiation Dosimetiy and Safely, 
Taipei, Taiwan, American Nuclear Society; LCJLP (1973). Report of the tasir 
group on refereno; man: anatnmicaL physio^p ical and metabolic characteristirg 
30 New Yoric. Peigamon Press; Loevinger, R. L.,*. F. Budinger, et al. (1991); 
MIRD Primer for Absorherf Dose CalculaHm^^ New Yoric, Society of Nuclear 
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Medicine; Spiers, F. W., A. H. Beddoe, et al. (1981). "Mean skeletal dose fectois 
for beta-particle emittos in human IxMie. Part U: sur&ce-seddng radi<muclides." 
British Journal of Radiolopv 54(642): SO(M: Thomas, S. R., M. G. Stabin, et al. 
(1992); "MIRD Pamphlet No. 14: a dynamic urinary bladda model for radiation 
5 dose calculations [published erratum appears in J. Nucl. Med. 1994 
Jan;35(l):73];' Journal of Nucl ear Medicine 33(5): 783-802. 

It is important that the half-life of the complexed radiomiclides be 
sufSdoitbr long to allow for localization of the complex in die bone tissue, 
while still retaining sufficient radioactivity to accomplish bone marrow 

10 si^ression or eradication. Generally, it is prefened to use a radionuclide 
complex that results in rapid biolocalization of the radionuclide m the bone 
tissue so as to achieve bone marrow irradiation quickly. Itisalsobeoeficialto 
use a radionuclide having sufficient energy, while having a relatively short 
half-life so that after bone marrow irradiation is achieved, it is possible to 

1 5 proceed with bone marrow or stem cell tran^lantation as soon as possible, in 
ordor to enhance the prospects of bone marrow engrafiment and patient recovery. 

Detect2d)le or dieiapeutic radionuclides (i.e., radioisotopes or 
paramagnetic atoms) suitable for incorporation m the complexes of the invention 
include Antimony-124, Antimony-125, Arsenic-74, Arsenic-77, Barium-103, 

20 Barium-140, BerylUum-7, Bismuth-206, Bismuth-207, Bismuth-212, Cadmium- 

109, Cadmium-llSm, Calcium-45, Cerium-139, Cerium-141, Cerium-144, 
Cesium-137, Chromium-51, Cobaltr55, Cobalt-56, Cobalt-57, Cobah-SS, 
CobaIt-60, Cobalt-64, Coi^-67, Erbium-169, Buropium-152, Galliunh64, 
GalUum-68, Gadolinium-lS3, Gadolinium-157 (jadolinium-lS9, Gold-195, 

25 Gold-198,Gold-199,H^um-175,Hafiiium-175-181,Hohnium-166,Indium- 

1 10, hidium-l 1 1, lridium-192, lron-55, &on-59, Krypton-85, Lead-203, Lead- 
210, Lutetium-177, Manganese-54, Mercury-197, Mercury-203, Molybdenum- 
99, Neodymium-147, Neptuniuni-237, Nickel-63, Niobhun^95, Osmium-185 + 
191, Osinium-193, PaUadium-103, Platinum-195m, Praseodyniium-143, 

30 Pn>methium-147, Promethium-149, Protactinittin-233, Radium-226, Rhenium- 
186, Rhenium-188, Rubidium-86, Ruthenium-97, Ruthenium-103, Ruthenium- 
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105, Ruthemuni-106, Saiiiariuin-153, Scandium-44, Scandiuin-46, Seleniiim-75, 
Silver-1 10m. Silver-l 1 1, Sodiiim-22, Strontiiiin-85, Stiontium-89, Stroiithim-90, 
Sulfur-35, Taiitalum-182, TeclmeHmn-99in, Tellurimn-125, TeUurium-132, 
ThaUium-204, Tljorium.200, Thoriuin-228, Thorium-232, Thallium-1 70, Tin- 
5 1 13, Tin-114, Tin-l 17m, Titanium-44, Tungsten-185, Vanadium-48, Vanadium- 
49, Ytteibium-169. Yttabium-175, Yttrium.86, Yttrium-88, Yttrium-90, 
Yttrium-9I, Ziiic-65, and Zirconiiim-95. 

^ The tenn "d^ectable iadi<xiuclide'' includes any suitable metallic 
radionuclide or paramagnetic atom that can be detected in a diagnostic procedure 
10 in vivo ot in vitro. 

The term "tiierspeutic radionuclide** inchides any metallic 
radionucUde that is suitable to provide a therapeutic effect (e.g., bone marrow 
suppression or ablation, reducing bone pain, treating bone cancer, or treating a 
bone related disease), in a mammal. Such radionucUdes should be capable of 
15 delivering a high enough localized ionization density to achieve a desired 

therapeutic result (e.g., alleviate pain, inhibit tounor growtfi. cause regression of a 
tuuK^, and/or destix>y a tumor). 

Radionuclides suitable for bone marrow suppression typically 
exhibit energy >0.5MeV.pr«ferably>l MeV with an effective half-Kfe of 
20 about < 5 days, preferably < 3 days. Certain radionuclides such as Strontium-89 
have been demonstrated, when selectively deposited in bone, to suppress bone 
_ marrow. (See, for example, Y. Shibata et al., J. Leukocyte Biol. 38(6), 659^9 
(Dec. 1985).] However, this compound is not clinically useful for bone marrow 
replacement since the long half-life of Strontium-89 (50 days) prevents 
25 transplantation oftiie new marrow for an unacceptable time. 

The term "amino acid," comprises the residues of the natural 
amino ^ids (e.g.. Ala, Arg, Asn, Asp, Cys, Glu. Gto. Gly, His, Hyl, Hyp. De, 
Leu, Lys, Met, Phe, Pro. Ser, Thr, Trp, Tyr, and Val) in D or L form, as well as 
unnatural amino acids (e.g., phosphoserine, phosphotiu^onine, phosphotyrosine, 
30 hydroxjiproUne, gamma-carboxyglutamate; hippuric acid, octahydroindol©-2- 
caiboxyUc acid, statine, 1 A3,4,-tetrahydroisoquinoline-3^arboxylic acid. 
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p^dllamine, omithine, citrulin^ a-metfayl-alaiime, para-ba)zoylphai^alaiime> 
phenylglyciiie, propaigylglycrae, sarcosine, and tert-butylglyciiie). The terni also 
c(«4>rises natural and unnatural amino acids bearing a conventional amino 
protecting group {e.g., acetyl or benzyloxycarbonyl), as well as natural and 
5 unnatural amino acids protected at tfie carboxy tenninus (e.g., as a (C,-Ci)alkyl, 
phenyl or benzyl ester or amide). Odier suitable amino and caiboxy protecting 
groiq)s are known to those sldUed in the art (See for example, T. W. Greene, 
Protectiag Groups In Organic Synthesis, 2nd edition; WHey. New York, 1991, 
and references cited therein). The term non-lipophilic amino acid comprises the 
10 natural amino acids Gly, Ser, Thr, Cys, Met, Asn, Ghi, Tyr, Lys, Arg, His, Asp, 
and Glu in D and L fonns, as well as unnatural amino acids of comparable 
degree of hydrophilicity-i.e., those lacking a hydrophobic side chain. An amino 
acid can be linked to the remainder of a compound of formula I through the 
carboxy terminus, die amino terminus, or Uirough any other convenient point of 
15 attachment, such as, for example, through the sulfur of cysteine. The term 
amino acid also con4>rises natiual and unnatural amino acids substituted on 
nitrogen with (C,-C,a)alkyL 

The term "saccharide** faicludes monosaccharides, disaccharides, 
trisaccharides and polysaccharides. The term inchides glucose, sucrose fructose 
20 and ribose, as well as deoxy sugars such as deoxyribose and the like. Saccharide 
derivatives can conveniently be prepared as described in International Patent 
Applications Publication Numbers WO 96/34005 and 97/03995. A saccharide 
can convenientiy be linked to the rranainder of a compound of formula I tiuough 
an ^er bond. 

2^ The term •'peptide** describes a sequence of2 to 25 amino acids 

(e.g., as defined hereinabove) or peptidyl residues. The sequence may be linear 
or cyclic. For example, a cyclic peptide can be prepared or may result fiom the 
formation of disulfide bridges between two cysteine residues in a sequence. A 
peptide can be linked to tiie remainder of a confound of formula I tiirough the 

30 caiboxy terminus, the amino terminus, or through any other convenient pomt of 
attachment, such as, for example, through the sulfur of a cysteine. Preferably a 

10 
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pq>tide comprises 3 to 25, or 5 to 21 amino adds. Pq>ti(te derivatives can be 
prepared as disclosed in U.S. Patent Numbers 4,dl2302; 4,853^71; and 
4,684,620, or as described in the Examples hereinbelow. Peptide sequences 
specifically recited herein are written with the amino terminus on the left and the 
caiboxy terminus on the right Preferred peptides comprise primarily non- 
lipophilic amino acid residues (e.g., Gly, Ser, Thr, Cys, Met, Asn, Gta. Tyr, Lys, 
Arg, His, Asp^ and Glu). Preferred peptides conqnise one or more amino acids 
substituted on nitrogen with (C,-C,o)alkyl. 

For the diagnostic methods of the invention, the complexes of the 
invention can be detected using any imaging technique known in the art that is 
suitable for detecting the metal in the complex. Suitable imaging techniques for 
detecting complexes of the invention include PET, SPECT, and MM. 

The CQnq>lexes of the invoottion are particularly useful for treating 
primary tumors, where tiie skeletal system is tiie first site of involvement, 
invasive tumors where the primary tumor invades flie skeletal system or other 
tissue tumors which calcify, and metastatic bone cancer where a neoplasm 
spreads torn oflKsr primary sites. e.g., prostate or breast, into the skeletal system. 

The structure of the linker group Y is not critical, provided the 
complex of flie invention comprising the linker group is suitable for its intended 
use as an imaging agent or as a therapeutic agent, and provided the linker group 
can be substituted with phosphono groups as provided for in the compounds of 
foraiula 1. Therapeutic complexes comprismg the linker group shouM be 
suitably stable and suitably non-toxic to allow for tiie complex to be 
administered to a mumxnn] 

Specific and preferred values listed below for radicals, 
substituents, and ranges, are for illustration only, fliey do not exclude otiier 
defined values or other values witiiin defined ranges for tiie radicals and 
substituents. 

Specifically, (C,-C„)alkyl can be metiiyl, efliyl, propyl, isopropyl, 
butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, hcx^ heptyl, octyl. nonyl, or decyl; 
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25 



30 



(C,-C4)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, or scc- 
bidyl; and aiyl can be phmyl, indent or naphtfayl. 

A specific value for R' is (Cj-CJalkyl, substituted with caiboxy. 

AnoAer q>ecific value for R, is caibo}Qimeth)i or 2- 

5 caiboxyethyl. 

A q>ecific vahie for n is 2 3. 

Specifically, the linker group can separate the phosphono groups 
fiom the remainder of a compound of formula (I) by about 5 angstroms to about 
100 angstroms. Mote specifically, the linker group can separate the phosphono 

10 groups fiom the remainder of a compound of fomiula (I) by about 10 angstroms 
to about 50 angstroms. 

Specifically, the linker group can be an amino acid, a peptide, a 
saccharide,oradvalent(C,<;,,)alkyichain,optionaUycompri^^ 
(e-g., 1, 2. 3, or 4) non-peroxide oxy (-0), -N(Rj)-, or divalent aryl within the 

15 chain or at the terminus of the chain, which chain is optionally substituted on 
carbon with one or more (e.g., 1, 2, 3, or 4) oxo (=0X thioxo (=S). or hydroxy, 
wherein R^ is hydrogen or (C,-C4)alkyl. 

Specifically, whm the linker group is a peptide, it can comprise 
fiom 2 to about. 25 amino acids residues. 

Specifically, the linker group can be a divalent (C,-C,o)alkyl 
chain, comprising one or more (e.g., 1, 2, 3, or 4) non-peroxide oxy {-O^i . 
N(Rj)-. or divalent aiyl within the chain or at the temiinus of the chain, which 

chain is optional^ substituted on cariion with one or more (eg., 1, 2. 3, or 4) oxo 
(=0), thioxo (=S), or hydroxy, wherein R^ is hydrogen or (C.-CJalkyL 

SpecifiwJIy, the linker group can be a divalent (C,-C,o)alkyl 
chain, optionally comprising one or more (e.g., 1, 2, 3, or 4) non-peroxide oxy (- 
0-). -N(Ra)-, or divalent aiyl within the chain or at the temiinus of the chain, 
which chain is sutetituted on caibon with one or more (eg., 1, 2, 3, or 4) oxo 
(=0), thioxo (=S), or hydroxy, wherein R^ is hydrogen^r (Ci-CJalkyl. 

SpecificaUy, the linker group caft be a divalent (C,-C,o)alkyl chain 
comprising one or more (e.g., 1, 2, 3, or 4) non-peroxide oxy (-O-). -NOg., or 

12 
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divalent aiyl within the chain or at the teiminus of the diain, which chain is 
substituted on caibon with one or more (e.g., 1, 2, 3, or 4) oxo (=OX thioxo (=S), 
or hydroxy, wherein Rj is hydrogen or (Cj-CJalkyl. • 

Specifically, the group -Y(POjHj)„ can be 4-[2-(Bis- 

. 5 phosphonomethyI-aniino>acety!aniino]-benzyl;4.[4-(Bis-phosphonometh^. 
carbamoyl)-butyiylamino]-b<mzyU 4K33-Bisi)hosphono-propionylainino)- 
benzyl;4-[4K3-hydroxy.3,34>is-phosphono.piopylcaibanioyl)^tyry!am^ 
ben2yl;4K^[2-(Bis-phosphonomethyI-amino)-acetylamino]-2.{[2-(b^ 
phosphonomethyI-amino>acetyIamino]-methyl}-propionylamino)-ben2yl;4-(4- 

i 0 {Bis-[(bis-phosphonomethyl-caibamoyl>niethyl]Hjaibamoyl}-butyiyIaniino> 

benzyl; 4-{3-(33-Bis-phosphono-propionylamino)-2-[(3,3-bis^osphono- 

propionylamino>methyn-[propionylaniino>-benzyl;4<4-{Bis-[(3-^ 

bis-phosphonoiiropylcarbamoyi>methyl]-caibamoyl}-butyiy!aniino>ben^ 

{4.[(Bis-phosphono-methyi)-carbamoyl)-butyiylamino)-ben2yI; or4-[4-(Bis. 

15 {[(bis-phosphono-methyl)H»ibamoyl].methyl)H;ari)amoyl>butyiyl^ 
benz^. 

A speafic complex of the invention is a complex wherein the 
compound of formula (I) is a conipound of formula It 



20 



V(CHjX, 

I 

(CHaXi-h^ 



wherein: 



each R, is indepoidently hydrogen or (C.^Jall^ optionaUy 
substituted wiflicarboxy(COOH); andeachttis«idependenUy2. 3, or 4; 
wherein the compound of formula (U) is substituted on one or more (eg. 1, 2, 3, 
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or 4) caibons other tium a caibon of R, wifli one or more (e.g., 1, 2, 3, or 4) 
groups -YCPOaHj)^; wherein Y is a linker group; and m is 1, 2, 3, 4, 5, or 6; or a 
phannaceudcally accq>table salt tiioeof. 

Another spedGc complex of Ae invention is a complex wherein 
5 the compound of formula I is a compound of fonnula III: 

L-N N— I 

m 

who-ein each R, is independently hydrogen or (C,-C4)alkyi, optionally 
substituted with caihoxy (COOH); and wherein the ring is substituted on caibon 
with one or more (e.g.. 1, 2. 3, or 4) gioiq>s -YCPOaHjX.; wherein Y is a linka 
group; and m is 1, 2. 3, 4, 5. or 6. 

^® Another specijSc complex ofAe invention is a complex wherein 

the confound of formula ® is a compound of fonnula (IV): 



15 



whoein: 




each R, is independently hydrogen or (C,-C4)alkyl, optionally 
substituted with caiboxy (COOH); and each n is indepcndentfy 2, 3, or 4; 
wherein the compound of fonnula IV is substituted on one or more (e.g. 1, 2, 3, 
or 4 ) caibons other than a caibon of R, with onepr more (e.g., 1, 2» 3, or 4) 
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groups -YCPOjHjX.; wherein Y is a linker group; and m is 1, 2, 3, 4, 5, or 6; or a 
phaimaceuticaUy acceptable salt thereof 

Anothor specific complex of tiie invention is a conq>la 
comprising a compound of formula Q), (II), (HI), or (IV) as described herein, 
5 wherein each R, is independentty (C,-C4)alkyl, substituted with catboxy 

(COOH); which compound is substituted with a group -YCPOjHj).; wherein Y is 
a linker group; and m is 1, 2, 3, 4, 5, or 6. 

^ A specific complex of the invention is a complex which 
comprises a detectable radionuclide. 
' ® A specific complex of the invention is a complex which 

comprises a theri^utic radionuclide. 

A specific detectable radionuclide is Technetium-99m, 
Ruthenium-97, Lidium-l 1 1, GalUum-67 or ^ or Lead.203. 

A specific therapeutic radionuclide is Gadolinium- 159, Hohnium- 
15 166* Lutctiuni.177, Samarium.153, Yttrium.90*, Ytterbium-175, Rhenium- 
186* or -188*, Copper-64 or -67. Gold-198 or -199, Bismutfa-212, Scandium.46, 
-47, or -48, Gallium.72 or -73, Rutbenium-97, Palladium-100 or -109, Rhodium- 
101m or -105, Rhenium-189, Radium-212, or Lead-212 

Specific radicmuclides suitable for bone marrow suppression are 
20 Aisenic-77, Molybdenum-99, Ruthenium-105, Lutetium-177, Cadmium-1 15, 
Antimony-122, Promethium.149, Osmium.193, Gold-198, or Thorium-200. A 
more specific radionuclide suitable for bone mairow suppression is Samarium- 
153, Yttriuni-90, GadoIinium-159, Rhenium.186 or -188. or Hohnium-166. A 

preferred radionuclide for bone manow suppression is Holmium-166, wWch 
25 emits high aiergy betaj^des and hnageable gamma radiation (80 KeV, 6%) 
and exhibits a half-life of 26.8 hr. 

A specific therapeutic radionuclide is Hohnium-166, Yttrium-90, 
Samarium-153, or GadoIinium-159. 

A more specific therapeutic radionuclide is Hohnium-166. 

^® Processes and intennediatesus^ for pi^aring compounds of 

formula I and complexes of the invention are provided as further embodiments 
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of the invention and are illustrated by the following procedures in which the 
meanings of the geaedc radicals are as gtvea above unless otherwise qualified. 

Radionuclide Complex Preparatioa 
5 The radionuclide and the compound of formula I can be combined 

under any conditions that allow the two to form a complex. Graerally, mixing in 
water at a controlled pH (the choice of pH is depradrat upon tfie choice of ligand 
and radionuclide) is all that is required for formation of the complex. Following 
compilation, it may be necessary to adjust the pH to a level that is suitable for 

10 administration. The complex is typically formed by chelation of the radioniiclide 
by an electron donor group or groins, which results in a relatively stable 
radionuclide complex, e.g., stable to the disassociation of the radionuclide fix>m 
the ligand. Accordingly, the invmtion provides a method for preparmg a 
comply of the invration conq>rising reacting a corresponding compound of 

1 5 formula I as described herein with a detectable or tharq>eutic radionuclide to 
provide the complex. 

The invention also provides an intermediate compound of 

formula I: 



V-(CH2Xi 




20 wherein: 

each R| is independently hydrogen or (Ci-CJalkyl, optimially 
substituted with carboxy (COOH); 

eadi X is independently (CHjX^ 
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and each n is indq>endaidy 2, 3, or 4; 

whoiein the compound of fonnula I is substituted on one or more 
(eg. 1, 2, 3, or 4 ) caibons other than a carbon of R, with one or more (e.g., 1, 2, 
5 3. or 4)^oups -YCPOjHj).; wherein Y is a linker group; and m is 1, 2, 3, 4, 5, 
or 6. Such an intermediate compound of formula (I) is useful for preparing a 
complex of the invention. 

The invention also provides an intermediate compound of 
formula n, or IV as described herein. 
*® A compound of fonnula I fliat comprises one or more carboxy 

groups (e.g., in R,) can conveniently be prepared by deprotecting a 
corre^nding compound wherein the carboxy groups are protected by a suitable 

carboxy protecting group (e.g., as a (C,-C,alkyl) or benzyl ester). Suitable 
protecting groups forcarboxygroupsasweU as conditions suitable for their 
15 removal are well known in the art For example, see Greene. T.W.; Wutz, 
P.GAl. "Protecting Groups In Organic Synthesis" second etftion, 1991, New 
York, John Wiley & sons. Inc. Thus, the invention provides a method for 
preparing a compound of formula I wherein one or more of R, comprises a 
carboxy group comprising dq>rotecting a corresponding compound wherein one 

20 ormoreoftheR,cari)oxygroupsareprotectedbyasuitablecarboxyprotecting 
group to provide the compound of formula 1. 

Accordingly, the invention also provides an intermediate 
compound of formula I: 
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1 I 

(0 



each R, is independently (C,-Q)alkyl, substituted with CCX)R; R 
is a suitable caiboxy protecting group (e.g., (C,^4)alkyl or benzyl); 
each X is independently (CH^ or 



5 




and each n is independoitly 2, 3, or 4; 

wherein the compound of fonnula I is substituted on one or more 
(e.g. 1. 2, 3. or 4 ) carbons other than a caibon of R, with one or more (e.g., 1, 2. 

10 3.or4)groups-Y(PO,Hj)„; wherein Visa linker group; and mis 1,2,3. Vs/ 
or 6. 

The invention also provides carboxy protected intermediate 
compounds of fonnula II, m and IV as described herein wheidn each R, is 
independently (Q^Jallcyl. aibstituted with C(X>R; R is a suitable carboxy 
15 protectmg group (e.g., (C.-CJalkyl or benzyl). 

A compound of fonnula I that is substituted with one or more 
(eg-. I.2,3,or4)groups-Y(P03HjX.canconvaiientlybepr«5»arBdby 
deprotecting a corresponding confound fliat is substituted with one or more 
(e.g.. 1. 2. 3, or 4) groups -YCPOjRJ. wherein Rjs a suitable phosphonic acid 
20 P«>tectinggroup(e.g..a(C,^,alkyl)orben2yl 



18 



wo 02/062398 



PCTAIS02/00629 



for phosphonic add groins as well as conditioos suitable for tlidr removal aie 
well known m the ait Thus, the invention provides a method for preparing a 
compound of formula I that is substituted with one or more (e.g., 1, 2, 3, or 4) 
groups -Y(P03H2)„ comprising deprotecting a corresponding compound that is 
5 substituted with one or more (e.g., 1, 2, 3, or 4) groups -YCPOjRj). wherein each 
R is a suitable phosphonic acid protecting groins) (e.g., a (C,-C«alkyl) or benzyl 
ester), to provide tfie conqx>und of fonnula L 

^ "^le invention also jHnvides an intomediate compound of 
formula!: 




Miierein: 

each R, is independently (C,^4)alkyl. substituted with COOR; R 
is a suitable caiboxy protecting group (e.g.. (C,-CJalky! or benzyl); 
each X is indq>aidaitly {Oi^^ or 

15 




and each n is indq>aKlently 2, 3, or 4; 
wherein the compound of fonnula I is substituted on one or more 
(e g. 1. 2, 3, or 4 ) carbons other than a carbon of R, with one or more (e.g., 1, 2, 

3. or 4) groups .Y(P0,R2)„; wherein Y is a linker group; each R is a suitable 
protecting group (e.g., (C,<:jalkyl or benzyl); and m is 1, 2, 3, 4, 5, or 6. 
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The invention also provides phoq>hono protected intermediate 
compounds of formula n> m, and IV as described herein that are substituted on 
one or more (e.g. 1, 2, 3, or 4) carbons other than a carbon of R| with one or 
more (e.g., 1, 2, 3, or 4) groups -YCPOjRjXn; wherein Y is a lioket group; each R 
5 is a suitable protecting group (e.g,, (Cj-CJalkyl or benzyl); and m is 1, 2, 3^ 4, 5, 
or 6. 

Radionuclide Preparation 

The respective radionuclides can be obtained using procedures 

10 well known in the art Typically, the desired radionuclide can be prepared by 
irradiating an appropriate target, such as a metal, metal oxide, or salt. Another 
method of obtaining radionuclides is by bombarding nuclides with pai]dcles in a 
linear accelorator or cyclotron. Yet anotfao* way of obtaining radionuclides is to 
isolate them from fission product mixtures. The method of obtaining the 

1 5 radionuclide is not critical. 

Stabilizing Agents 

A pharmaceutically acceptable means of protecting the complexes 
of the invention from radiolytic decay can be employed. Preferred 

20 radioprotectants of the preset invention are anti-oxidants, compounds that either 
reduce the number or the activity of oxidizing radicals. Exemplary 
radioprotectants that can be employed in the practice of the present invention are 
ascorbic acid, gentisic acid, nicotinic acid, ascorbyl pabnitate, HOP(0)H2, 
monthioglycerol, sodium formaldehyde sulfoxylate, NajSjO,, NasSsQ^. SOj, or a 

25 redudng agent combined with BHA,BHT,pyrogaUate or tocophe^^ 

like. Ascorbic acid is the preferred radioprotectant for use in the practice of the 
present invention, and can be used at about 35-75 mg/mL of liquid composition. 

The formulations of the present invmtion can be in solid or liquid 
form, contaiiung the active radionuclide complexed with the ligand. These 

30 formulations can be in kit form such that the chplator and radionuclide are mixed 
at the appropriate time prior to use in a suitable liquid carri^. Whether 
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premixed or as a kit, the fonnulations usually lequire a phaimaceutically 
accq)tablecairiar. 

Phannaceutical Dosaee Forms 

5 "nie pharmaceutical dosage fonns suitable for injection or • 

infusion can include sterile solutions, dispersions, anulsions, or micioemulsions. 
comprising the active ingredient which are adapted for the extemporaneous 
preparation of sterile injectable or infusible sohitions or dispersions, optionally 
encqwailated in protective matrices such as nanoparticles or microparticles. In 
10 aU cases, the ultimate dosage form should be sterile, fluid and stable under the 
conditions of manufacture and storage. The liquid earner or vehicle can be a 
solvent or liquid dispersion medium comprising, for example, water, ethanol, a 
polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and 
the like), vegetable oils, nontoxic glyceryl esters, phosphonate or carbonate 
15 esters, DMSO.andsuitablemixtores thereof The prevention of the action of 
microorganisms can be brought about by various antibacterial and antifungal 
agents, for example, benzyl alcohol, parabens, dilorobutanol, phenol, sorbic 
add, thimerosal, and tbs like. In many cases, it wiU be preferable to include 
isotonic agents, for example, sugars, buffers or sodium chloride. Prolonged 
20 absorption of tiie injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Injectable susp^ons as compositions of Uie present invention 
can comprise a liquid suspending medium, wifli or wifliout adjuvants, as a 
25 carrier. The suspending medium can be, for example, aqueous 

polyvinylpyrrolidone, inert oils such as vegetable oils or highly refined mineral 
oils, or aqueous carboxymethylcellulose solutions. If necessary to keep the 
complex in suspension, suitable physiologically acceptable adjuvants can be 
chosen fiom among thickeners such as, for example, carboxymethylcellulose, 

30 polyvinylpyrrolidone, gelatin, and the alginates.-^anysurfectants are also usefid 
as suspending agents, for example, lecithin, alkylphoiol, polyethylene oxide 
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adducts, naphtfaalenesolfonates, alkytbenzenesulfonates, and the polyoxyediylene 
soibitan esters. Many substances which cfiFect (he hydrophobicity. density, and 
surface tension of the liquid suspension medium can assist in making injectable 
suspensions in individual cases. For example, silicone antifoams, sorbitol, and 
5 sugars are all usefiil suq>ending agents. 

The "bcHie-mairow suppressing amounf* or oflier effective 
dierapoitic amount of radionuclide conqwsition administered to adiieve bone 
manrowsuppressipn will vary according to fectors such as the age, weight and 
health of the patient, the disease state being treated, the treatment regimen 

10 selected, as well as the nature of the particular radionucUde conqwsition to be 
administered. For example, less activity wiU be needed for radionuclides with 
longer half Uves. The energy of the emissions will also be a factor in 
determining the amount of activity necessary. The preferred range of activity per 
dose is fiom about 250 to about 3000 megabecquerels per kilogram of body 

15 weight of said mammal. A more preferred dosage delivers fiom about 750 to 

about 2500 megabecquerels per kilogram ofbodywd^t of said mammal. The 
most preferred dosage can deliver fiom about 1000 to about 2000 

megabecquerels per kUogram of body weight of said mammal. The effective 
amount will typically be administered, generally by administration into the 

20 bloodstream, in a single or multi-dose in&siorL 

The radionuclide compositions employed in the method of the 
present Invention are capable of delivering a significant portion, preferably 
greater than about 15%, of the radiaictivity present in the composition to bone 
tissue while not deleteriously affecting non-target soft tissues. Therefore, for 

25 those disease states whs^e the treatment regimen requires bone maiTOw 

suppression, the present invention is particularly advantageous since it provides a 
means of achieving selective reduction in the hemopoietic cell population 
without having to resort to total body irradiation (TBI), thus resulting in minimal 
damage to non-target Hssues. Furthermore, because there is a reduction in the 

JO radiation dose delivered to non-target tissues-(«g compared to the use of total 
body irradiation alone), the present mvention offers the opportunity to use the 
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same or increased amounts of conventional diraiodienq)aitici^m In 
addition, if it is desirable to enq>loy total body inadiation in coiqunction with the 
bone manow siq^ression method described hcadn, for example, in tfie treatment 
of leukoma, it can be possible to reduce the radiation dosage used for the total 
5 body irradiation and still obtain the same or higher level of reduction of leukemic 
cells. 

As used hoein, tbs tarn "angle dosage** or "single dose** means 
that tfa^itotal dosage of radionuclide complex is administered in <me (1) or more 
doses (unit dosage forms) within a short period of time, e.g., less than about 24 
10 hours. Preferably the doses will be administered within 12 hours, most 
preferably 8 hours. More preferably the doses will be administered within 4 
hours. More preferably the doses will be administered within 2 hours. Most 
preferably the dosQ will be administered as a single iniiision, or other unit dosage 
fomi. 

15 

Bone Marrow Tran«tpla ntation and Restoration 

The genial techniques of b<»e manaw tranq[)lantation are well 
known in the art, see for example, F. R. Appelbaum et al., *The Role of Manow 
Transplantation in the Treatmoit of Leukemia", (pp. 229-262). C. D. Bloomfield 

20 (ed). Chronic and Acute Leukemias in Adults, 1985, Maitinus Nijhofif 
Publishers, Boston; E. D. Thpmas, "Clinical Trials with Bone Marrow 
Transplantation", (pp. 239-253), Clinical Trials in Cancer Medicine, 1985, 
Academic Press, Inc.; E. D. Thomas, "Manow Tran^lantation for Mafignant 
Diseases", (pp. 517-531), Journal of Clinical Oncology, Vol. 1, No^ 9 (Sept) 

25 1983; E. D. Thomas ^ al., "Marrow Transplantation for Thalassemia", (pp. 417- 
427), Annals New York Academy of Sciences, 445, 1985. 

Undo- goieral or spinal anesthesia and using standard manow 
aspiration needles, multiple aspirates are perfonned fiom die anterior and 
posterior iliac crests and, occasionally, the sternum of the donor. The marrow is 

30 placed in heparinized tissue culture media andjhen, using metal screens, filtered 
to remove bony spicules and fat globules and to create a monocellular 
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suspension. At the time of desii«d administration of the bone manow, the 
maitow is infused intravenously, following which the mairow stem cells migrate 
to the marrow spact, proliferate, and eventually restore normal hematopoiesis 
and immune function. It is preferable to give as many bone marrow cells as 
5 possible to enhance the prospects of marrow engraftment Following allogeneic 
tranq)lant the patient usually receives some form of immunosuppression, such as 
by administration of methotrexate or cyclosporine, in an attempt to prevent or at 
least modify graft-vosus-host disease. 

A more preferred method for retrieving bone marrow stem cells 
10 involves harvesting these cells from the peripheral blood to increase the 

concentration of stem cells in the blood by techniques such as negative selection 
with antibodies specific for hematopoietic cell markers. Patients are pretreated 
with chemotherapy, or pretreated with a colony stimulating factor such as G- 
CSF, GM^SF. or SC^SF. These cytokines are also used after TBI and marrow 
15 or Stan cell transplant to enhance engrafonent 

The use of high dose chemotherapy followed by stem cell support 
has become one of the most attractive therapeutic approaches in multiple 
myeloma smce, in relation to conventional chemotherapy, it increases die 
number of complete remissions (CR), duration of event fiee survival (EES) and 

20 probably, overall survival (OS), hi this setting of high dose chcmother^y, the 
use of a complex of the invention to suppress (ablate) the manow in order to 
potentially eradicate the malignant clone more effectively, requires stem cell 
support With total marrow ablation using a complex ofthe invention a stem 
cell rescue is required using autologous stem cells collected prior to therapy. The 

25 ability to give back the patients stem cells post ablative ther^y helps to 

regenerate the lost hematopoiesis and thus protect die patient fiom potentially 
life-direatening complications. 



24 



wo 02/062398 



PCT/US02/00629 



Treatment nfPai^AP 

A. ChenH>theiap<» ^tic Ap^ ts 

In the treatment of a patioit having a cancer such as leukemia or 
multiple myeloma, the use of the radionuclide compositions described herein can 
5 reduce or eliminate the neoplastic cell population in the bone manow. Hie 
phosphonate complexes of the invention also provide enhanced penetration of 
bone and uptake of the radionucHde by neoplastic bone lesions, which represent 
areas ofcactive bone matrix turnover. However, it will usually be necessary to 
administer one or more chemother^utic agents, such as me^halan, dimethyl 
10 busulfan, Cytoxan and/or cyclophosphamide, to destroy the undesirable cells in 
locations other than the bone manow or in sanctuaries within the bone maitow, 
or to add to the effects of the radiation. The efficacy ofcancer elimination can ^ 
be enhanced by the use of protein synthesis inhibitors, in order to inhibit repair 
of damaged DNA in the cancer ceUs. 

15 ■ Chemother^ycanbegiveninstandarddosesinconjunctionwith 

the present method, or as higher than standard doses along with the present 
invention, depending on the tolerance of the patient. In other instances in 
conjunction with the bone manow suppression method of the present invention, 
it is often desinAle to employ total body irradiation, with or without 
20 chemolherapeuticagents.asatrcatmenttoreducethemaUgnantorneoplastic 
ceU population, such as by delivering radiation to the patient fiom dual opposing 
^ cobalt-60 sources. Those skiUed in the art wiU know how to perform a Phase I 
study deterauning the limits of tolerance of dther the chemotherapy, ir^ 
or the dose of the present complexes or both. 
25 Chonotherapeutic agents that are useful in practicing the present 

invention inchide but are not limited to adriamycin. ifosfamide. thiotepa. 
melphalan. methotrexate, mitoxantrone. estramustine. bleomycin, velban. 
taxanes. Aalidomide. etoposide. phosphate, taxol. vincristine, dexamethasone, 
doxonibidn, busulfin. Cytoxan, cyclophosphamide, bischloroethyl nitrosourea. 
30 cytosine arabinoaside. 64hioguanine and the life* Preferred chemotherapeutic 
agents that are useful in practicing the presait invention are adriamycin. 
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ifos&mide, Uiiotq>a, melphalan, m^otrracate, mitoxantnme, estramustine, 
bleomycin, velban, taxanes, HaiAdomids, vinoistine, dexam^iasoii^ 
doxorubicin, biisul£in and analogs thereof. For ^cample, melphalan analogs are 
disclosed in U.S. Pat Nos. 3,032,584 and 3,032,585 (see Merck Index (1 1th ed.) 
5 at page 914). 

The tenn "chemotho^utic agent" also includes anti-cancer 
agents, such as toxins, fliat are targeted to cancer cells by antibodies against 
cancer o»ll antigens. Such immunoconjugates are described in published PCT 
applications WO/97/00476 and WO/95/10940. 
10 The mammals Q[>atiCTts) can also be treated with ag^ts such as 

bisphosphonates, to counteract die hypocalcania associated with certain tumors, 
such as lung cancers, multiple myeloma, rmal cell carcinoma, bronchogenic 
carcinoma, breast canco; lymphoma, and cancois of tfie head and neck. 
Pamidionate and aloidronate disodium are preferred agoits for treatment of this 
15 condition. It will be !q)preciated tfiat the agoits should be selected and used so 
as not to compete widi the tfaer^ieutic agent for bone marrow uptake. 

The mammals (pationts) can be hydrated and premedicated with 
antiemetics to decrease nausea and vomiting that may be associated witii 
siq^ressionofbone marrow vi^enjnacticing the present invoitifm. The 
20 preferred antiemetics are those that reduce the irritation of the chemoreceptor 
tri^er zone. Common regimens that are useful in practicing the present 
invention include sootonin 5-HT^ antagonists such as, for example, ondansteron, 
granisetron, and die lik^ dopamine antagonists such as, for exanq>le, 
prochlorperazine, promethazine, droperidol, metoclopramide, and die like; 
25 antihistamines and anticholinergics such as, for example, diphenylhydramine, 
scopolamine, dimethylhydrinate, meclizine, and the like; corticosteroids such as, 
for example, dexamediasone and the like; and sedatives such as, for example, 
diazqtam, lorazepam, and the Uke. 

A wide variety of leukemias and solid tumors can be treated with 
30 tiie present complexes including bone-formin&lpmors, cartilage-forming tumors, 
fibrous and fil»o-osseous tumors, leukemias such as chronic lymphocytic 
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leukemia and myeloid leukemia, and metastatic tumors to the skeleton. These 
skeletal syston tumors include, but are not limited to, saxcomas such as Swing's 
sarcoma, osteodhondroma, chondroma, chondroblastoma, diondromyxoid 
fibroma and chondrosarcoma, non-ossi^g fibroma, fibrous histiocytoma, 
5 fibrosarcoma, liposarcoma, sarcoma ofthe periosteum, osteosarcoma, osteoma, 
osteoblastoma and giant cell tumor of the bone. Oflier tumors which can be 
treated include chordoma, adamanthoma, hemangioendothelioma, 
hemangjppericytoma, myelomas, sosik as multiple myeloma, non-Hodgkin's 
lymphoma, Hodgkin's disease, breast cancer, prostate cancer, lung cancer, head 

10 and neck cancer, ovarian cancer, bladder cancer, liver cancer, pancreatic cancer, 
renal cell carcinoma, myelodysplastic syndrome, geim cell tumor, and 
neuroblastoma, particularly those cancers that have metastasized to the bone, 
attach to the bone, or that are associated with the skeletal system. 
Myeloproliferative disorden, including polycythemia vera, macroglobulinemia, 

15 megakaryocytic myelosis or malignant histiocytosis, can also be treated with the 
present c<miplexes. 

Thus, the invention provides a method f<n- treating canca 
comprising administering to a mammal in need of such therapy, a complex ofthe 
invention comprising a then4>eutic radionuclide, in combination with a 
20 chemotheiapeutic agent, a bisphosphonate, or an antiemetic. The invention also 
provides a phannaceutical composition comprising a complex ofthe invention 
and a chemotherapeutic agent, a bisphosphonate, or an antianetics; in 
combination with a pharmaceutically acceptable cmiet. 

^'S B. Adjunct Radiation Thefapv 

By careful aiming and regulation of dose, high-energy radiation 
can be used to destroy cancer cells in combination with the present radionuclide 
therapy. Radiation therapy (also referred to as radiotherapy, x-ray therapy, cobalt 
treatment, or irradiation) is presently either part ofthe treatment or the only 

0 treatment for about half of aU cancer patients-^Tiis form f treatment is effective 
only for those cancer cells within the area receiving the radiation (the field), 
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which can encompass the entirety of the subject's body (total body irradiation or 
TBI) or can be localized, as in the exposure of a q>ecific tumor site. 

Radiation may be used before surgoy to dirink a cancerous 
tumor> after surgery to stop growdi of any remaining cancer cells, or alone or 
5 with anticancer drugs to destroy a malignant tumor. It is particularly effective 
when used to treat certain types of localized cancers such as malignant tumors of 
the lymph nodes or vocal cords. 

«. Radiation usually is not per se curative if tfie cancer cells have 
spread throughout the body or outside the area of radiation. It can be used even 
10 if a cure is not probable because it can shrink tumors, which decreases the 
pressure and pain they cause, or it can stop their bleeding. 

Goierally, radiation produces less physical disfigurement dian 
radical surgery does, but it may produce severe side effects. These side effects 
are related to the damage x-rays do to normal tissue such as blood or bone 
15 marrow. Side effects include irritated skin, swallowing difficulties, dry mouth, 
nausea, diarrhea, hair loss,^ and a loss of energy. How serious and extensive 
these side effects become depend on where and how much radiation is used. 

Use of flie presoit radionuclide complexes can reduce or 
eliminate the need for total or targeted external radiation fiierapy, or can enhance 
20 -the total efficacy ofa therapeutic regimen which normally employs TBI. Doses 
of TBI useful in the present method can deliver total irradiation of fiom about 
750-1 350 cGy, e.g., about 800-1000 to 1200 cGy. The total irradiation may be 
given in multiple fifactions, i.e., 1-10 fiactions; or in a single dose. 

Thus, the mventicm provides a method for treating cancer 
25 comprising administering to a mammal in need of such therapy, a complex of the 
invoition, in combinati(»i widi radiation tho^y. 

Treatment of Autoimmune Diseases an d 1mmiinoiaip fpTe![i^<l^|^ 

The methods and con^lexes of the invention art also useful to 
30 treat immunological disorders such as autoimmpie diseases by immune 
suppression due to temporary partial bone nuurow suppression or by marrow 
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purgiAg in combination with manow tran^lantatioa However, those skilled hi 
the art would recognize that the methods and compositions of the mvention can 
also be used for general tmmunosu{>pression in combination with oft» 
unmunosuppressive tfierapies. CurrenUy, autoimmune diseases are treated by a 
5 variety of nonq)ecific immunosuppressive drugs and steroids. One group of 
anti-inflammatory agents used in the treatment of autoimmune diseases is 
corticosteroids. Corticosteroids are synthetic versions of the body's hormone 
cortisone, which is produced in small amounts by the adrenal gland. 
Synthetically produced corticosteroids reduce inflammation and suppress the 
10 immune system. The most commonly prescribed corticosteroids for use in 
treating autoimmune disorders are prednisone and dexamethasone. 

Autoimmune ^dsotdexs are sometimes treated with 
immunosuppressant drugs such as cytotoxic agents (e.g., methotrexate, 
azatWoprineandcyclqphoqrfiamide). In addition, anti-malarials including 
15 chten)quine and hydroxychloroquine can be used to suppress inflammation and 
the immune system in the treatment of autoimmune disorders. Autoimmune 
diseases can also be treated with nonsteroidal anti>inflammatory medications, 
such as aspirin, ibuprofen, naproxoi, indomethadn, sulindac, etodolac and 
tohnetin. Gold salts have been used to treat autohnmune arthritis for over a half 
20 a century, while recent advances m research have yielded new autoimmune 
arthritis therapies, such as COX-2 inhibitors. COX-2 inhibitors (or super- 
aspirin) woric to inhibit inflammation and pain without producing significant side 
effects. In addition, another class ofagents that target aberrant cytokine 
production, such as anti-TNF (tumor necroas factor) drugs, can also be used for 
25 thetreatment for several types of arthritis includmg riieumatoid arthritis, lupus, 
myositis, and scleroderma. 

FurthoTOore, the metiiods and con^lexes of the invoition could 
also be used alone or in combination with drugs that act more specifically on the 
immune system, for example, by blocking a particular hypersensitivity reaction. 
30 In addition^ the complexes could be used in coa^ination with intravenous 

immunoglobulin tfaenq>y or other antibody-based therapies, a treatinent, used for 
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various immunological diseases to reduce ciiculating immune conq)lexes, or 
specifier cell populations. For example, the present methods and complexes 
can be used as immunosuppressive agents to inhibit host iq'ection of 
tian^lanted cells, tissue or organs. 

5 In order to increase the chance of the patient's recovoy, it can be 

beneficial to employ materials, such as granulocyte macrophage colony 
stimulating fector (GM-CSF), or granulocyte colony stimulating fector (G-CSF), 
and IL^ for thrombopoiesis to stimulate or enhance the regeneration and 
restoration of the bone nuurow. It can also be beneficial to employ stem cell 

10 growth factor, G-CSF and/or GM-CSF prior to ther^y to trigger release of stem 
cells into the blood v/hen they can be collected. 

Thus, the invention provides a method for treating an 
immunological disorder comprising administering to a mammal in need of such 
therapy, a complex of the invention, in combination with another 

15 immunosuppressant therapy or immunosuppressant drug. The invention also 
provides a pharmaceutical composition comprising a complex of tiie invention 
and an immunosuppressant drug; in combination with a pharmaceutically 
accq>tablecarria-. 

20 Infections and Infectimia nf 

The methods and complexes of the invention are also effective to 

treat bacterial infections, fungal infections, and infectious diseases that localize 
to or around bone such as tuberculosis, bacterial osteomyelitis, fimgal 
osteomyeUtis, and the like. Anti-fimgal agents, and anti-bacterial agents often 

25 have poor penetration mto the bone aiid sites enclosed by bone such as the bone 
marrow. In situations in which the patient is suffering fix>m an infectious disease 
which has localized to the bone, the patioit may be able to achieve a cure by the 
deUveiy of high doses of radiation to the bone- 
Examples of agents useful in combination with targeted radiation 

JO in practicing tiie presoit invention include, but^re not limited to antibiotic 
agents, e.g., antibacterial urinary tract agents; anti-infective agents, anti-parasitic 
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agents and anti-fimgal agents, including those disclosed in The Physician's Desk 
Referaice, 50th Edition, 1996. 

Useful antibiotic agents inchide systemic antiUotics, such as 
aminoglycosides, cephalosporins (e.g., first, second, and third generation), 

5 niacroHdes(e.g., erythromycins), monobactams, penicillins, quinolones, 
sulfonamides, and tetracyclines, including those disclosed in The Phyacian's 
Desk Reference, 50tti Edition, 1996. 

In addition, antibacterial agents inchide 2-isocephem and 
oxacqjhem derivatives cUsclosed in U.S. Patent No. 5,919,925; 
10 pyridonecarboxylic acid derivatives disclosed in U.S. Patent No. 5,910,498; 
water miscible esters of mono- and diglycerides disclosed in U.S. Patent No. 
5,908,862; benzamide derivatives disclosed in U.S. Patait No. 5,891,890; 3- 
ammoniopropenyl cephatosporin compounds disctosed in U.S. Patent No. 
5,872,249; 6-O-substituted ketolides disclosed in U.S. Patent No. 5,866.549; 
15 benzopyran phenol derivatives disclosed in U.S. Patent No. 5,861.430; pyridine 
derivatives disclosed in U.S. Patent No. 5.859.032; 2.aminothia2ole derivatives 
disclosed in U.S. Patent No. 5,856,347; penem ester derivatives disctosed in U.S. 
Patent No. 5,830,889; Upodepsipeptides disclosed in U.S. Patent No. 5,830,855; 
dibenztmidazole derivatives disclosed in U.S. Patent No. 5,824,698; 
20 alkylenediamine derivatives disclosed in US. Patent No. 5,814.634; organic 
solvent-soluble mucopolysaccharides disclosed in U.S. Patent No. 5,783.570; 
arylhydrazone derivatives disclosed in U.S. Patent No. 5.760,063; caibapenem 
compounds disclosed in U.S. Patent No. 5.756.725; N-acylpiperazine derivatives 
disctoscd in U.S. Patent No. 5.756,505; peptides disclosed in US. Patent No. 
25 5,714,467; oxa&iazines and their oxides disch>sed in US. Patent No. 5,712^275; 
5-amidomethyl alpha beta-saturated and -unsaturated 3-aryl butyolactone 
compounds disclosed in US. Patent No. 5,708,169; halogenated benzene 
derivatives disclosed in US. Patent No. 5,919,438; sulfiir-containing 
heterocycBc compounds disclosed in U.S. P^t No. 5.888,526; and oral 
30 antibacterial agents disclosed in US. Patent No, 5,707.610. 
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Anti-parasitic agents include agents capable of killing arthropods 
(e.g., Uce and scabies); helminths (e.g., ascaris, enterobius, hookworm, 
stionglyoids. tranatodes. and trichnris); and protozoa (e.g., amebas. malaria, 
toxoplasma, and trichomonas), inchiding those disclosed in The Physician's 
5 Desk Reference, 50th Edition, 1996. 

The methods and compositions of the invention are also effective 
to treat fungal infections that localize to or around bone such as fungal 
osteomjsplitis and the like. The methods and compositions can also be used in 
conjunction with antifungal agents known to be useful in the treatment of fungal 
10 infections. Antifungal agents include dermatological fungicides, topical 
fungicides, systemic fungicides, and vaginal fungicides, including those 
disclosed in The Physician's Desk Reference. 50th Edition. 1996. 

hi addition, antifungal agents mchide terpenes. sesquiterpenes 

diteipenes. and triterpenes disclosed in US. Patent No. 5,917.084; sulfur- 
15 containing heterocyclic compounds disclosed in U.S. Patent No. 5,888,526; 
carbozamides disclosed in US. Patent No. 5,888.941 ; phyUosilicates disclosed 
in US. Patent No. 5,876.738; corynicandin derivatives disclosed in US. Patent 
No. 5.863,773; sordaridin derivatives disclosed in US. Patent No. 5,854,280; 
cyclohexapeptides disclosed in US. Patent No. 5.854.2 13; teipene compomii^ 
20 «scIosedinUS.PatentNo.5.849.956;agentsderivedfiomaspergillus 
fiunigatus disclosed in U.S. Patent No. 5.873,726; inula extracts disclosed in 
US. Patent No. 5,837,253; lipodepsipeptides disclosed in US. Patent No. 
5,830,855; polypeptides disclosed in US. Patent No. 5.824,874; pyrimidone 
derivatives disclosed in US. Patent No. 5.807.854; agents fiom sporomiella 
25 mim'mizes disclosed m US. Patent No. 5.801.172; cycUc peptides disclosed in • 
US. Patent No. 5.786.325; polypeptides disclosed in US. Patent No. 5,773,696; 
triazoles disclosed in US. Patent No. 5,773,443; fiisacandins disclosed in US. ' 
Patent No. 5,773.421; terbenzimidazoles disclosed in US. Patent No. 5,770,617; 
and agents obtained fiom hormones disclosed in US. Patent No. 5,756.472. 

^® Reinvention provides a method for treating an infection or 

an mfectious disease comprising administering to a mammal in need of such 
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ther^y, a complex of the invention, in combination with an antOnotic agent, an 
anti-infective agent, an anti-parasitic agent, or an anti-fungal agent The 
invention also provides a phaimaceutical composition comprising a complex of 
tiie invention and an antibiotic agent, an anti-infective agent, an anti-parasitic 
5 agent, or an anti-fungal agent; in combination with a phannaceutically 
acceptable cairin. 

g^tliolQgjgj; Tmmr hv RMT or Stem Prfi P^lfl^rT^^t 

The present metiKxls can be useful to ablate bone mairow in 

10 treatment regimens intended to correct a variety ofdisonlers by replacing 
"defective" hematopoietic cells, with "norinal" autologous or allogeneic bone 
marrow or Stan cells. This can be used in the treatment ofdiseases of red cells 
and bleeding disorders. These include hematopoietic genetic diseases such as 
hemolytic anemias, i.e., sickle ceU anemia or tiialassemia. Other such disorders 

15 include various anemias, polycythemia, thrombocytop^a, and bleeding 
disorders related to defective platelet function or abnormatities in clotting 
factors. 

Hematopoietic stem ceU tran^lantation fiom normal dbnor has 
been rqwrted to be effective to treat lysosomal and peroxisomal storage 
20 <fiseases. such as globoid cen leukodystrophy, metachromatic leukodysto 
adrenoleukodystrophy. mannosidosis. flucosidosis, aspartylglucosaminuria; 
Harder, Maroteaux-Lamy and Sly Syndromes and Gaucher disease type DL W. 
Krivit et al., Cufr.Qpin 12, 167 (1999). 

25 GeneThenipy 

The present metiiod can also be employed as part of gene therapy 

fliat involves implantation of geneticaUy engineered stem cells, to correct genetic 
defects, following bone marrow ablation. For example, a subject's own stem 
cells can be ''noraudized" by introduction of a vector comprising a gene that will 

30 effectivelycounteiactthedefectivegeneorrepla(iethemissingone.See.DA 
Kohn. Curr. Qp»ny^nmPA^^%>^ 2. 56 (1995). 
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Bone inarrow suppFessi(»i, followed by administration of 
gendically mgineored (transfcmned) ston cells, can be used, foe exanple, in Uie 
treatmoit of cancer in a human by insoting exogenous gooes into human 
primaiy cells, such as, for example, stem cells, which specifically "target" 
5 mature blood cells to a tumor. Preferably, the stem cells have been removed 
fix>m a cancer patient and expanded in culture. Genes that oihance the anti- 
tumor effects of the mature cells can also be en^loyed. The blood cells can be 
expand^ in number before or alter insertion of the genes. A method for 
transforming blood cells is described m U.S. Pat. No. 5,286,497. Thus, the 
10 procedure is performed in such a manna: that upon injection into the patient, the 
transformed blood cells will produce an anti-cancer agent in the patient's body, 
preferably at the site of die tumor itself 

The ^e carried by the transformed stem cells can be any gene 
which directly or indirectly enhances the therapeutic effects of the resultant 

15 mature blood cells. The gene carried by the stem cells can be any gene which 
allows the blood cells to exert a therapeutic effect that it would not ordinarily 
have, such as a gene encoding a clottmg factor useful in the treatment of 
hemophilia^ Examples of other suitable genes include those that encode 
cytokines such as TNF, mterleukins (interieukins 1-12), interferons (o. p, y- 

20 interferons), T-cell receptor proteins and Fc receptors for antigen-buiding 
domains of antibodies, sudi as immunoglobulins. 

Additional examples of suitable genes include genes tfiat modify 
blood cells to "target" to a site in the body to which the blood cells would not 
ordinarily 'target,** thereby making possible the use of the blood celYs 

25 therapeutic properties at that site, hi this fiishion, blood cells can be modified, 
for example, by mtroducing a Fab portion of a monoclonal antibody into the 
stem cells, thereby enabling the mature blood cells to recognize a chosen antigen. 

Other genes usefiil in cancer therapy can be used to encode chemotactic fectors 
which cause an infianunatory response at a ^ific site, thereby havmg a 
30 therapeutic effect Other examples ofsuitable^^snes include genes encoding 
soluble CD4 which is used in the treatment of AIDS and genes encodmg 
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10 



preselected polypq)tides or protein that can act to correct or ameliorate goietic 
disorders which result in insofficioit or defective enzymes. Such genes include 
the a-antitiypsin gene, which is useful in the treatment of onphysema caused by 
«-antitiypsin deficiency, a tyrosine hydroxylase gene (Paridnson's disease), a 
glttcocerehrosidase gene (Gaucher's disease), an "a-galactosidase gene.CFabra/s 
disease) an arylsulfatase A gene (metachromatic leukodystrophies) or genes 
«icoding other polypq>tides or proteins. 

^ The gCTe therapy of the present invention is also usefiil in the 
treatment of a variety of diseases including but not limited to adenosine 
deaminase deficiiency, sickle ceU anemia, thalassemia, hemophilia, diabetes, 
antitrypsin deficiency, brain disorders such as Alzheimer's disease, and other 
illnesses such as growth disorders and heart diseases, for example, those caused 
by alterations in the way cholesterol is metabolized and defects of the immune 
systaii. 

One ofskiU in the art would recognize that the conditions 
discussed herein above can have multiple causes and can ovcdap in naming and 
categorization. 

20 In cases where complexes are sufficienUy basic or acidic to fonn 

stable nontoxic add or base salts, administration as salts may be appropriate. 
Examples of pharmaceutically acceptable salts are organic acid addition salts 

foraied with acids which form a physiological acceptable anion, for example, 

tosylate. methanesulfonate, acetate, dtrate. makmate. tartarate. succi^ 

25 ^at*^ascorbate,a-ketoglutarate.anda.glycerophosphate. Suit*^^ 

sails may also be fbimed. includmg hydrochloride, sulfete, nitrat^^ 
and carbonate salts. 

Pharmaceutically acceptable salts may be obtained using standard 
procedures weU known in the art. for example by reacting a suffidently basic 

30 
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compound sach as an amine with a suitable acid affoiding a physiologically 
acceptable anion. Alkali metal (for example, sodium, potassium or b'thium) or 
alkaline earth metal (for example calcium) salts of caiiwxylic acids can also be 
made. 

5 . The amount ofthe complex or salt required for use in diagnosis or 

treatment will vary not only with the particular complcK selected but also with 
the route of administration, the nature of the condition being treated and the age 
and condition of the patient, and wiU be ultimately at the discretion of the 
attendant physician or clinician. Typical dose ranges for imaging are 3-45 mCi 
10 per 70 kg body weight, preferably 5-35 mCi per 70 kg, more preferably 10-30 
mCiper70 kg. See Fritzbeig et al. (U.S. Pat No. 5,089,249). Typical dose 
ranges for therapy are 10-450 mCi per 70 kg body weight, preferably 20-300 
ma per 70 kg. more preferably 40-200 mCi per 70 kg. See Fritzberg et al. (U.S. 
Pat. No 5,089,249). 

The ability of a compound of the invention to suppress bone 
marrow growth can be determmed using pharmacological models which are weU 
known to the art. Examples of use&l assays are found in Cleynhens, B. et 
al.(Technetium. Rheniwn. and Other Me tals in Chemistry and Nuclear M«1^ r^mP. 
(1999) p. 605), Laisen, R.H. et al. aoumal of I^helled Comp nimHs 5,nH 
20 RadiophannacCTirical^ XLI, 823 (1998)). Fritzberg et al. (U.S. Pat No. 
5,089,249), and Simon et al. (U.S. Pat. No. 5,064,633). 

The invention will now be iUustrated by the following non- 
limiting Examples wherdn unless otherwise noted: reagents woe obtained fiom 
Aldrich Chemical Co. (Mihvaukee, W^; anhydrous solvents were obtained fiom 

25 Acros Organics (Fisher Scientific, Pittsburg, PA); other solvents were reagent or 
HPLC grade and obtamed from Fisher Scientific; air sensitive reactions were 
carried out under nitrogen or argon; proton NMR spectra were obtained on a 
Vaiian Gemini-200 spectrometen chemical shifts are expressed m parts per 
miUion (6) using residual solvent protons as mtemal standard; mass spectra were 

30 obtained using a Themio<^iest/FinniganLCQ©etector (San Jose, OA) with an 
atmospheric pressure ionization (API) source and an electrospray ionization 
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(ESI) probe; flash chromatography was canied out using Merck SiKca Gel 50 
(230^ mesh); TLC was perfimned on pre-coated glass plates (Baker, Si2S0F 
with 254nm fhioresce&t indicatra). and spots were detected using UV Ught. 
iodine, ninhydrin spray (0.2% in EtOH) or an aqueous solution containing 
5 Phosphomolybdic acid, Ce(S04)2 and H2SO4; reverse phase flash 

chromatography was canied out using Bakerbond octadecyl (C-18) 40jim Picp 
LC packmg reversed phase TLC was perfoimed on predated glass plates (EM 
SdenctRP-lS F^; analytical HPLC was carried out using a Waters 600 
multi-solvent deKveiy sj^tem and a Waters 490 programmable muWwavelength 
10 detector with a 5|im'C-18 cohmm fiom Beckman Ultrasphere (Fullerton. CA); 
and preparative HPLC was performed on a Waters 3000 system with a Model 
481 spectrophotometer (254 nm) using C.18 reversed phase cohmms fiom 
Microsorb(WaUiut Creek. CA). Compounds 1.17 and 20 (Figures 4, 7. and 9) 

were synthesized by taiown merature procedures. (Yau, E.K.; Theodore, LJ.; 
15 Gustavson. L.M. US Patent 5.847,121 (Dec. 8, 1998); Kieczykowski, G.R.; 
Jobson. R3.; MeliUo. D.G.; Reinhold. D.F.; Grenda, VJ.; Shinkai, L J. Org. 
Chem. 1995, <J0, 8310-8312; and Nanjappan. P.; R^gu. R; Ramalingam. K.; 
Nowotnik, D.P. Tetrahedron 1994. 50, 8617-8632.) 

20 Example 1. (6-{4-[2-(Bis-phosphonomethyI-amino>acetylamino]-benzyl}- 

4.7,10.tris-carboxymethyi.l,4,7,10-tetraazaK;yclododec-l-yl).acetic acid (8, 
Figure 4). 

To a sohition of protected DOTA dielate 7 (49.2 mg; 45.1 jimol) 
25 in CH,Clj (3 mL) was added TMSBr (600 ^L). The solution was stirr^ 
overnight, dien H^O (1 mL) was added and stirring was continued for 30 
minutes. Concentration yielded 66.1 mg of crude material which was purified by 
preparative HPLC on a C-18 reversed phase column using 100% HjO 
(containing 0.1% TFA) as the eluting solvent Yield = 15.6 mg (29%); 'H NMR 
30 0,0) 5 7.41 (d. 2H). 7.25 (d. 2H). 4.49 (s. 21^4.37-2.48 (complex multiplet, 
25H). 3.68 (d, 4H); ESI-MS 755.2 (M+H). 777.2 (M+Na). 
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The intermediate protected DOTA chelate 7 was prepared as 

follows. 

^ Tetra t-butvl nitrobeimrl T K)TA 2 ffipure 4V To a mpMly crirr^ 
5 solution of (S>2-(p-Nitrob«izyl>l,4,7,10-tetraazacyclododecane 

trihydrochloride salt 1 (350 mg 0.84 mmol) and KjCOj (1.16 g; 8:4 mmol) in 
anhydrous DMF (7 mL) was added t-butyl hromoacetate (0.62 mL; 4.2 mmol). 
The mixture was then heated to 50-55'C and the progress of the reaction was 
monitored by HPLC. After 3 hours the mixture was cooled to room temperature 

10 then stored at 4*'C overnight. The precipitated solid was collected and rinsed with 
additional DMF (5 mL). This yielded 786 mg of crude material M*ich was 
purified bysilica gel chromatography, eluting with 0-10% MeOH/CHjCl j, to 
yield 528 mg (82%) of 2. 030 (10% MeOH/CHjCl^); 'H NMR (CTCl,) 6 
8.17 (dd. 2H), 7.60 (d, IH). 7.40 (d, IH), 3.78-1.62 (complex multiplet. 25H). 

15 1.49-1.37 (4s, 36H); ESI-MS 786.4 (M+Na]. 

^' Tetra t-butvl aminobenrvl D QTA 3 (F\am 4> ToasohiHonof 
nitrobenzyl confound 2 (528.7 mg; 0.69 mmol) in MeOH (50 mL) in a Parr 
shaker botde was added 10% Pd/C (100 mg). The sohition was then placed on 

20 the Parr apparatus under a hydrogen atmosphere of 50 psi. Aft« 3 hours the 
soluHon was filtered and concentrated to yield 472 mg of crude materiai 
Purification by siUca gel chromatography, ehiting with 0-10% MeOH/CHjClj 
yielded 370 mg (73%) of 3. J?,= 0.27 (10% MeOH/CHjClj); 'H NMR (CDCIj) 
» 6.75 (dd. 2H). 6.58 (dd, 2H), 3.43-1.45 (complex multiplet, 25H), 1.38-1.29 

25 (4^36H). 



Protected DOTA chelate 7 ffipiff^ 4) T^..^u.*i^^f 
aminobenzyl DOTA 3 (80.7 mg; 1 10 |unol) and amino acid hydrochloride 6 (50 
mg 121 iimol) in DMF (3 mL) was added benzotriazol-yl-oxy- 
tris(dimethylamino)phoq»honium hexafluorof^sphate (BOP; Chem-hnpex 
International; Wood Dale, IL; 53.5 mg; 121 nmol) and DIEA (154 jiL; 
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883 ^mol). The mixture was stirred under atgon at room temperature overnight 
thai concentrated. The erode residue was dissolved in CHjClj (20 mL) then 
washed with HjO (2x IQmL) and brine (10 mL) then dried (MgSO,). 
Concentration gave 141 mg of erode material which was purified by silica gel 
chromatography, eluting with 0-8% MeOH/CHjCl j. to yield 98.4 mg (82%) of 
protected DOTA chelate 7: 0.45 (10% MeOH/CHjCl^; 'H NMR (CDCW « 
7.60 (dd. 2H), 7.07 (dd, 2H). 4.15 (pentet, 8H), 3.60 (s. 2H), 3.21 (d. 4H), 
3.50-1 JO (complex muitiplet.25H), 1.49 (s,9H). 1.47 (s,9H), 1.44 (s,9H), 1.41 
(s, 9H), U3 (t, 12H). 



The intennediate amino acid hydrochloride 6 was prepared as 

follows. 



^ M^ylester^ fFipi|rp4). (see U.S. Patents 5.714.604, and 
15 4.976.950). To a solution ofparafonnaldehyde(l .32 g; 44 mmol) and glycine 
methyl ester hydrochloride 4 (2.51 g; 20 mmol) in anhydrous THF (30 mL) was 
added trietfiylphosphite (7.54 mL; 44 mmol). The mixture was heated to refhix 
for 16 hows then cooled to room temperature and concentrated in vacuo. Hie 
material .was dissolved in CH^Clj (1 00 mL) and washed sequentially with 

20 saturated aqueous NaHCOj solution (2x 50 mL).H,0 (50 mL) and saturated 
aqueous NaCl solution (50 mL). Drying (MgSO^ and concentration yielded 
_ 7.208 g (93%) of methyl ester 4 which was of sufficient purity to be used in 

subsequent steps: 'H NMR (CDCl^ 6 4.12 (ra, 8H), 3.82 and 3.73 (2s. 2H). 3.69 
and 3.65 (2s. 3H), 3.25 (t, 4H), 1.31 (t, 12H); ESI-MS 389.9 [M+H] and 412.1 
25 [M+Na]. 

Amino acid hydrochloride 6 (Pf a ) to a solution of methyl 
ester 5 (7.208 g; 18.5 mmol) in MeOH (30 mL) was added H^O (15 mL) 
followed by the dropwise addition of IN-NaOH (22 mL). The mixture was 

30 stirred at rt overnight then concentrated. The cr«!e material was dissolved in 
HjO (200 mL) and tiie aqueous sohition washed with CH,Clj (2 x 100 mL) then 
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acidified t pH~2 by the addition of IN-HCl (22 mL). The aqueous solution was 
saturated with NaCl then extracted with 3:1 CM^Cl,: 'PiOH (3x 150 mL). Drying 
(MgSO^) and concentration in vacuo yielded 3.519 g (46%) of acid 6 yiMch was 
of sufBcient purity to be used in subsequent steps: 'H NMR (CDClj) 6 4. 10 
(pentet, 8H), 3.70 (s. 2H), 3.28 (d, 4H), 1.27 (t, 12H). 

Example 2. (6-{4-[4-(Bis^hosphonomethyi-caibamoyi)-butyiylamino]- 

benzyl};^,7aO-tris-caiboxymethyl-lA7a0.tetraa2a<yclododec-l-yl>ac^ 
(11, Figure 5). 



10 



A solution of tetra t-butyl ester 10 (23.2 mg; 16.9 junol) in TFA 
(5 mL) was stirred at room temperature overnight Concentration followed by 
dissolution in H^O (12 mL) and lyophilization yielded 16.5 mg (85%) of 11 as a 
feaflieiy white soUd which was shown by HPLC to be of >98% purity: 'H NMR 
15 a>)0) 6 7.34 (d. 2H); 7.21 (dd. 2H), 4.43-2.69 (complex multiplet. 27H), 2.58 (t, 
2H).2.40(t.2H), 1.92 (m.2H);ESI-MS 811.2 (M+H), 833.2 (M+Na). 

The mtennediate tetra t-butyl ester 10 was prepared as follows. 

^® JPOTA lipfcer acid 9 fFipire 5). To a solution of DOTA aniline 3 

(110.6 me 151 nmol) and glutaric anhydride (34.3 mg 301 ^mol) in anhydrous 
^ DMF (8 mL) was added DIEA (0.26 mL; 1.51 mmol). The solution was stiiied 
overnight then concentrated in vacuo to yield 146 mg of crude material 
Purification by pn^Kuative HPLC on a C-18 reversed phase column, eluting wifli 

25 I^O/MeCNcontammg 0.1% IFA (using a gradient of 40-64^^^ 

min) yielded 121 mg (67%)of 9 as its tri TFA salt: 'H NMR (CP^OD) 6 7.55 (m. 
2H), 7.30 (m, 2H), 4.53-2.52 (complex multiplet, 25H), 2.42 (2t. 4H), 1.97 
(pentet, 2H), 1.70-1.40 (4s. 36H);ESI-MS 848.4 (M+H), 870.4 (M+Na). 

^® ^- Protected DOTA chelate 10 ffipu^ To a solution of acid 9 

(45.2 mg; 38 (unol) in DMF (3 mL) was added BOP (18.5 mg; 41.8 jmiol) 
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followed by diisopropylethyiamine (99 jiL; 570 jimol). The solution was stiiied, 
under aigon. at room temperature for 30 min then iminobis(metfayIphosphomc 
acid) (8.6 mg 41.8 jimol) was added. Progress of the reaction was monitored by 
HPLC. After 7 hours the solution was concentrated to give 107.4 mg of crude 
5 material, which was purified by preparative HPLC on a C-18 reversed phase 
cohunn eluting with HjO/MeCN containing 0.1% TFA (using a gradient of 
40-64% H,0 over 30 min). This yielded 23.2 mg (44%) of 10 as its tri TFA salt: 
ESI-MS 518J ((M+2H)/2), 10353 (M+H). 1057.3 (M+Na). 

10 Examples. {3-[4-(33-Bis-phosphono-propionylamino)-ben2yl]-4,7,10-tiis- 
carboxymefliyl-l,4,7,10-tetraaza-cyclododec-l-yl}-acetic acid (16, Figure 6). 

to a solution of compound 15 (132 mg; 124 [miol, Figure 6) in 
CHiOi (4 mL) was added trimetfaylsilyl bromide (1.25 mL). The mixture was 

15 stined, under nitrogen, overnight Water (1 mL) was added and stirring 

continued for 30 minutes. Concentration yielded 229 mg of erode material which 
was purified by preparative HPLC on a C-18 reversed phase column eluting with 
HjC^MeCN containing 0.1% TFA (using a gradient of 0%.8% MeCN over 30 
min). This yielded 49.7 mg (38%) of 16 as its tri trifluoroacetic acid salt- 'H 

20 NMR (D,0) 5 7.3 1 (d. 2H). 7.16 (d, 2H). 4.39-2.40 (complex multiplet. 28H); 
ESI-MS 726.2 (M+H). 

The intemiediate compound 15 was prepared as follows. 

^ ^ t-Butvl ester 1.1 f Firnm ^. Plv.« ino. F H .1 , fT^..^^u, 

|^,3<?. 85,5-86?) . To a slurry of KH (160 mg; 4.0 mmol) in mineral oil. under 
aigon, was added anhydrous toluene (4 mL). The mixture was stirred for 
approximately 30 seconds then the solvents removed via syringe. This process 
was repeated. Additional toluene (4 mL) was added and die solution cooled in 

30 ice. A solution of tetraethyl methylenediphosphpnate (0.75 mL; 3.0 mmol) in 
anhydrous toluene (8 mL) was added dropwise over 5 minutes. The ice bath was 
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removed and the solution allowed to warn to rt. After 2 hours t-buiyi 
bronioac5elate (0.44 mL; 3.0 mL) was added dropwise. The sohition was then 
heated to 80-85-C for 2 hours flien cooled to room temperature and quenched via 
the dropwise addition of MeOH (1 mL): Concentration followed by dissolution 
in CHjCl J (20 mL) and filtration (to remove insoluble KBr) then further 
concentration yielded 1. 109 g (92%) oft-butyl ester 13. This material was of 
sufficient purity to be used in subsequent experiments: 'HNMR (CDCl,) 6 4. 1 8 
(pentet?8H), 3.21 (br s. IH), 2.75 (dd. 2H). 1.45 (s. 9H). 1.31 (t. 12H); ESLMS 
425.0 (M+Na). 440.9 (M+K). 



b. Acid I4(Figurft6). A solution oft-butyl ester 13 (555 mg; 1.4 
nunol) in TFA (10 mL) was stirred at room temperature under nitrogen for 6 
horns then concentrated. A quantitative yield was assumed and the material used 
immediately in flie subsequent step: 'H NMR (CDO^ 6 4.19 (pentet. 8H). 3.15 
15 (m IH). 2.88 (dt. 2H), 1.37 (t, 12H). 

^- Prptccted DOTA chelate IS /F.>n, , ,^fa^^„ ^^^^ ^ ^ 
(83.1 mg; 240 nmol) and amine 3 (147 mg; 200 ^mol) in DMF (3 mL) was 
added BOP (106 mg; 240 ^mol) foUowed by diisopropylethyl amine (350 nL; 

20 2.0 mmol). The solution was stirred, und» nitrogen, at rt ovemi^ then 
concentrated. The erode material was purified by flash chromatography (Si<>,; 
0-7.5% MeOH/CH,Cl j) to give 132 mg (62%) of 15: 0.46 (10% 
MeOH/CH,Cl^; 'H NMR (GDQ,) 6 7J3 (dd, 2H), 7.03 (dd, 2H). 4.15 (m. 8H). 
3.50-1.70 (complex multiplet, 28H) 1.45-1.35 (4s. 36H), 1.32 (m, 12H); ESI-MS 

25 1084.4 (M+Na). ... 
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Exaiiipk4. (4.7J0.Tris-carboxymethyl-3.{4.[4^3^ydioxy.3>bis. 
phosphonoi)iopylcari»moyl).butyiylamino>beii^ 
cyclododec-l-yI>acetic add (19, Figure 7). 

5 A solution of compound 18 (32.4 mg 22.7 junol) in TFA (5 inL) 

was stirred undernitiogen at room temparature overnight Concentration yielded 
36.4 mg of ciudematerial. Purification by preparative HPLC on a C-18 reversed 
phase column eluting with H,0/MeCN containing 0. 1% TFA (using a 'gradient of 
0-16% MeCN over 30 min) yielded 18.6 mg (69%) of 19 as its tri TFA salt- 'H 
10 NMR (D,0) 6 7 A3 (m, 2H), 7.28 (m. 2H). 4.27-2.35 (con^lex multiplet, 36H); 
ESI-MS 533.8 ([M+H+Na]/2), 1042.3 (M+H), 1066.2 (M+Na). 

The intermediate compound 18 was prepared as follows. 

^ gonipoui^d18 fFip,m>7,). Toasoltttionofacid9(59.9mg; 503 

Mmol)inDMF(3mL>wasaddedBOP(26.7mK60.4,u„ol)followedbyDIEA 
(87.7 liL; 503 funol). Tbc mixture was stirred for 10 minutes then a sototion of 

the amino diphosphonatel7(64.7mg; 251.6 ^mol) in H3O (2 mL)was added 

followedby additional DIEA (35 ^LXProgressofthe reaction was monitored by 
20 HPLC.Afterl6hoursthesolutionwasfilteredandthefilt«cakerinsedwith 

DMF (5 mL). Concentration of the mother Uquor yielded 143 mg of crude 
^ material which was purified by preparative HPLC on a C-l 8 reversed phase 

column eluting withH,O^eCNcontaining0.1o^TPA(usingagradientrf 

40-64O/0 MeCN over30 min) to provide 32.4 mg(45%)ofcompoundl8as its tri 
25 TFAsalt:'HNMR(CD,OD)67.56(brs,2H).7.30(brs.2H),4.55.173 

(complex multiplet. 35H). 1.65-1.38 (4s. 36H); ESI-MS 1065.3(M+H). 10873 

(M+Na). 
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Examples. {H4<3-[2<Bis-phosphonomethyl-amia>>acetylai^ 
phosphommethyl-amino^acetylain^ 

4,7.10-tris^aiboxjmethyl.l A7,10-tetraaza-cyclodo^ acid (24. 

Figure 8). 

5 

To a solution of compound 23 (25.9 mg; 12.2 |imol) in 
CHjCl, (3 mL) under nitrogen was added TMSBr (0.5 mL). The solution was 
stiired mreinight then cooled in an ice bath. H,0 (3 mL) was added and stilting 
continued for 30 minutes. Concentration yielded 23.9 mg of crude product 

10 P«rificationbypreparativeHPLConaC-18reversedphasecohmineiutingwith 
H,0/MeCN containing 0.1% TFA (using a gradient of 0-8% MeCW over 30 min) 
yielded 8.7 mg (43%) of 24 as its penta TFA sah: 'H NMR (D^O) « 7.37 (d, 2H), 
7.17 (d. 2H). 4.47-2.48 (complex multiplet, 27H). 2.40 (t. 2H), 2.28 (t. 2H), 2.15 
(m, 2H), 1.93 (m, 2H); ESI-MS 841.4 (M+H), 879.2 (M+K) 

15 . 

The intermediate compound 23 was prepared as foUows. 

^ Il?ftaphQgPhonate methvl -yi ( K p .^, ^ ^^^^ 
bisamine 20 (513 mg; 0.25 mmol) and add 6 (218 mg; 0.53 mmol) in anhydrous 

20 DMF (4 mL) was added BOP (234 mg; 0.53 mmoO followed by DIEA (0.65 ml^ 
3.75 mmol). The mixture was stirred, under nitrogen, at room temperature 

, overnight, then concentrated to give 635 mg of crude material. Purification by 
flash chromatogrsq>hy(Sip^ 0-10% MeOH/CH^O, containing 0.1%Et,N) 
yielded 428 mg (>100%) of 21 which still contained some HMPA impurity. This 

25 material was used in sub?«quent steps withom further purification;^ 

(10% MeOH/CH,CI, + 0.1% EtjN); 'H NMR (CDCI3) 6 7.71 (t. 2NH), 4.12 
(pentet. 16H). 3.78-3.40 (m. 4H). 3.69 (s. 3H). 3.50 (s. 2H). 3.22 (m. 8H). 2.92 
(m. IH). 1.32 (t. 24H); ESI-MS 847.0 (M+H). 869.2 (M+Na). 

^' Tetraphosphonate carboxvlir. ^ftp -> ^o a solution of 

methyl ester 21 (153.9 mg; 167 ^moDinMeOH (3 mL)and water (3 mL) was 
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added IN-NaOH (1 biL). The mixture was stiired overnight then concentrated 
and the erode residue dissolved in HjO (S mL). The aqueous sohition was 
acidified to pH~2 with IN-HCl (1 mL) then concentrated. MeCN (5 mL) was 
added to the residue and the insoluble NaCl removed by filtration. 
5 Concentration of the mother liquor yielded 101 mg (67% for 2 steps) of acid 22 
which was of sufiBcient purity to be used in subsequent experiments: "H NMR 
(CDCI3) d 7.78 (t, 2NH), 4.1 1 (multiplet, 16H), 3.80-3.35 (m, 8H), 3.48 (s, 4H), 
3.17 (<^8H), 2.83 (m. IH), 1.31 (t, 24H); ESI-MS 833.0 (M+H), 855.2 (M+Na). 

^® c. Compound 2 ^ (Figure 8V To a solution of amine 3 (82 mg; 1 12 

^mol) and acid 22 (101. 3 mg; 1 12 |imol) in anhydrous DMF (3 mL) vras added 
BOP (49.5 mg; 1 12 |unol) followed by DIEA (293 jiL; 1.68 mmol). The mixture 
was stirred, under nitrogen, at room temperature overnight then concentrated to 
give 323 mg of crade material. Purification by flash chromatography (SiOj; 

15 0-10% MeOH/CHjCl, containing 0.1% EtjN) yielded 64 mg of 23 which was 
fiirther purified by preparative HPLC on a C-18 reversed phase column, eluting 
withHjO/MeCN containing 0.1% TFA (using a gradient of 40^% MeCN over 
30 rain) to yield 25.9 mg (1 1%) of 23 as its penta TFA salt: R,* 0. 1 1 (10% 
MeOH/CHjClj + 0.2% EtjN); 'H NMR (CDCI3) 6 7.47 (d, 2H). 7. 1 3 (d, 2H), 
20 4.1 1 (pentet, 16H), 4.00-2.28 (complex multiplet, 38H), 3.48 (s, 4H), 1.59-1.42 
(4s, 36H), 1.35 (t, 24H); ESI-MS 774.9 ((M+2H]/2), 1548.5 (M+H), 1570.6 
(M+Na). 
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Example 6. [3-(4-{3-(3,3-Bis-phospliono-propionyIainmo)-2-[(3^-bis- 
phosplK>iio-pnq}ionyiaimiio>methyl]<propiony]ammo^ 
caiboxynfethyl-l,4J,10tetraaza-«yclodode(>l-yl]- add (28, Figure 9). 



5 



To a solution of compound 27 (64 43.0 jimol) in CHjClj (4 
mL) under nitrogen was added TMSBr (0.5 mL). The solution was stiired 
ovemi^t then cooled in an ice bath. HjO (1 mL) was added and stiiring 
continued for 30 minutes. Concentration yielded 78.6 mg of crude product 
Purification by preparative HPLC on a C-1 8 reversed phase column eluting witii 
10 HjO/MeCN containing 0.1% TFA (using a gradient of 0-20% MeCN over 30 
min) yielded 26.5 mg (45%) of compound 28 as its tri TFA salt: 'H NMR (DjO) 
6 7.43 (m. 2H). 7.28 (m, 2H). 4.27-2.35 (complex multiplet. 36H); ESI-MS; 
533.8 (0Vl+H+Na]/2). 1042.3 (M+H). 1066.2 (M+Na). 

The intermediate compound 27 was prepared as follows. 

^ letiaphosphonate methvl 25 (Fi^ <)) To a solution of 
bisamine 20 (51 J mg 250 pmol) and add 14 (190.4 mg 550 |imol) in 
anhydrous DMF (4 mL) was added BOP (243 mg; 550 nmol) followed by DIEA 

20 (871 mL; 5 mmol). The mixture was stirred, under nitrogen, at room temperature 
overnight, then concentrated. The residue was dissolved in CHjClj (20 mL) and 
, washed with IN-HCl (2x 10 mL). H,0 (10 mL) and saturated aqueous NaHCOj 
solution (1 0 mL). Diying (MgSOJ and concentration yielded 224 mg of crude 
material. Purification by flash chromali)graphy (SiO,; 0-10% MeOH/CHjaj) 
25 yielded96.4mg(49%)x>f25:Rf=0.32(10%MeOH/CH2Cl2); 'HNAflKCDClj) 
6 7.53 (t. 2NH). 4.09 (m. 16H). 3.68 (m. 2H), 3.62 (s. 3H). 3.45-3.09 (ni. 4H). 
2.98 (m, IH). 2.65 (dt. 4H), 1.26 (t, 24H); ESI-MS 789.0 (M+H). 81 1.2 (M+Na). 
827.1 (M+K). 

^ ^- Tetraphosphonatecari)oxvlina<! M26 fFip iirftO) To a solution of 

nicfliylester25(95mg; 120|imol)mMeOH(2mL)andHaO(l mL) was added 
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IN-NaOH (150 |iL). The solution was stined at room temperature overnight then 
concentrateA The residue was dissolved in HjO (5 ml) then acidified to pH~2 
wiUi IN-HCl (150 |iL). The aqueous solution was extracted witti 3:1 CHjClj: 
TrOH (3x 5 mL) and the combined organics dried (NajSO^ and concentrated to 
give 88.1 mg (95%) of 26, which was of sufBcient purity to be used in 
subsequent steps: •HNWR(CD50D)« 8.19 (t,2NH), 4.18 (pentet, 16H). 
3.63-3.1 1 (m, 6H), 2.81 (m. IH), 2.72 (dt, 4H), 1.33 (t. 24H); ESI-MS 775.0 
(M+H)r797.2(M+Na). 



^- Compound 27 rFieureOV To a sohition of amine 3 (83 mg; 1 14 
jimol) and acid 26 (88 mg 1 14 |imol) in anhydrous DMF (3 mL) was added 
BOP (50 mg; 1 14 ^mol) foUowed by DIEA (200 jiL; 0.57 mmol). The mixture 
was stiired, under nitrogen, at room temperature overnight, then concentrated to 
give 259 mg of crude material. Purification by flash chromatography (SiO^; 
15 0-10% MeOH/CHjClj) yielded 128.3 mg (79%) of27: TIC J?,= 0.38 (10% 
MeOH/CH,CU; 'H NMR (CDCy 5 7.54 (d. 2H). 7.15 (dd, 2H), 4.14 (m. 16H), 
3.65-1.70 (complex multiplet. 36H), 1.50-U8 (4s, 36H). 1.33 (t. 24H); ESI-MS 
746.0 ([M+2H)/2). 756.9 ([M+H+Na]/2). 768.0 ([M+2Na]/2). 1490.4 (M+H), 
1512.5 (M+Na). 

^^P^^Mcations, patents, and patait documents arc incorporated 
by reference herein, as though individually incorporated by rcferraice. The 
invention has been described with reference to various specific and prefened 
anbodiments and techniques. HowevCT, it should be undeistood that many 
variations and modifications may be made while remaining widiin the spirit and 
25 scope of the invention.-. 
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CLAIMS 

What is claimed is: 

1- A complex comprising: 
5 a)compouiidoffonnula(I): 



.N-(CH2)„ 



(CH2x,-hr 

Ri 



(0 



wherein: 



each R, is independently hydrogen or (C.-CJalkyl, optionally 
substituted with caibox)r, 

«achX is independently (CH2), or 




and each n is indq)endently 2, 3, or 4; 

wherein the compound of formula I is substituted on one or more 
15 <^"«othertha„acari^nofR.withoneormoregro^s-Y(P03H,).;whe^ 
Yis a Imker group; and m is 1, 2. 3, 4, 5, or 6; or a phamiaceuticaUy acceptable 
salt th^eof; and 



b) a detectable or therapeutic radionncUde. 

20 
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2. The complex of Claim 1 whereineachR, is independently (C-C^aDcyl, 
substituted with carboxy. 

3. The complex of claim 1 whereineachR, is caiboxymethyl or 2- 
5 carboxyethyl. 

4. Thecomplexofclahn 1 whereineachR, is carboxymethyl. 

5. The complex ofclaiml wherein each n is independentiy 2 or 3. 

6. The complex of claim 1 wherein each n is 2. 

7. Thecomplexofclaim 1 wherein the linker group Y is about 5 angstroms 
to about 100 angstroms in length. 

15 

8. Thecomplexofclaim 1 wherein the Knker group Y is about 
10 angstroms to about 50 angstroms in length. 

9. Thecomplexofclaim 1 wherein the compound offomiula I is 

20 «»'>'^t«edonaca,bonotherthanacarbonofR,withoneortwogroups. 
YCPOjHj)^ wherem m is 1, 2. 3, 4, 5, or 6. 

10. Thecomplexofclaim lwher«nthelinIcergro«pYisanaminoacid.a 
P^^<^«>»«^d^oradivalent(C,^.Jalkylchain.option^ 

o„eormoxeno„-peroxideoxyW,.N(RJ-.ordivaIenta,ylwithinthechai„or 
atthetemunusofthechain,whichchainisoptionallysubstitutedo„cart^^ 

oneormoreoxo(K)).thioxo(==S).orhydroxy,whereinR,ishydrogenor(C.. 
30 U. ■n«c<>i>>pl«.fcl™ 10 wl»eiaB„Hnl«g»^Y is ^ amino acid. 
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12. The complex of a&ifa 1 1 the amino acid is non-lipqphiKc. 

13. The complex of claim 10 wherdn the linker group Y is a saccharide. 

5 14. The complex of claim 13 wherein the saccharide is a monosaccharide, 
disaccharide, or trisaccharide. 

15. -The complex ofclaim 13 wherein the saccharide is a polysaccharide. 
10 16. Theconq)lexofcIaimlOwhereinthelinkergroupYisapeptide. 

17. The complex of claim 16 wherein the peptide comprises 2 to 25 amino 
acid residues. 

15 18. The complex of claim 17 wherein the amino acid residues are non- 
lipophilic. 

19. The complex of claim 10 wherein the linker group Y is a divalent (C,- 
CiJalkyl chain, optionally comprising one or more non-petoxide oxy (-0-), - 

20 N(R>. or divalent aiyl within the chain or at the terminus of the chain, whi^^ 
chain is optionally substituted on carbon with one or more oxo (=0), thioxo 
(=S), or hydroxy, wherein is hydrogen or (C,-C4)alkyl. 

20. TTie complex of claim 10 wherein the linker group Y is a divalent (C,- 

25 C,o)alkyl chain, amipRsing one or more non-peroxide oxy (.0.)..N(R^, or 
divalent aryl within the chain or at the temiinus of the chain, which chain'is 
optionally substituted on carbon with one or more oxo (=0). thioxo (=S), or 
hydroxy, wherein is hydrogen or (C,-CJalkyI. 

30 21. The complex of claim 10 wherein thelinker group Y is a divalent (C,- 
C,a)alkyl chain, optionally comprising one or more non-peroxide oxy (-a), - 
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N(ig-, or divalent aiyl within the chain or at the tmninus of the chain, which 
chain is substimted on carbon with one or more oxo (=0), thioxo (=S), or 
hydroxy, wherein is hydrogen or (C,-C4)alkj1. 

22. The complex of claim 10 wherein the linker group Y is a divalent (C,- 
C,o)alkyl chain comprising one or more non-peroxide oxy (-0-), -N(Rj)-, or 

divalent aiyi within the chain or at the terminus of the chain, which chain is 
substituted on carbon with one or more oxo (=0). thioxo (=S). or h)*oxy, 

whwein is hydrogen or (C,-C4)alkyl. 



23. The complex of claim 1 wherein each -Y(PCyiA, is independently 4.[2. 
(Bis-phosphonomethyl.amino)-acetylamino].benzyl;4-(4-(Bis- 
phosphonomethyl-caibamoyl>butyiyIamino].ben2yl; 4-(33-Bislphosphono. 
propionyIaminoH,enzyl;4.[4K3-hydroxy.3,3.bis-phosphono.propylcar^^ 
15 butyrylamino].ben2yl;4K3-[2.(Bis-phosphonomethyl.amino>acetylami^ 
{[2-(bis-phoq)honomethyl-amino>acetylamino]-methyl).propionyl^ 
benzyl; 4-(4-{Bis.[(bis.phosphonomethylHaibamoyl>methyl]H;aib^ 

butyiylamino)4)en2yl; 4-{3-(3,3-Bis-phosphono-piopionyIamino>2.[(3,3-bis- 

phosphono-propionylamino>niethyl]-[propionyiamino}.ben2yl; 4K4.{Bis.((3. 
20 hydroxy.3,3^is-phosphono-propylcarbamoyl>methyl].caibamoyI}. 

butyiyiaminoHenzyl; 4-{4-[(Bis-phosphono-methyi>carbamoyl]. 

butyrylaminol-benzyl; or4-[4^is.tt(bis^hosphono.meUiyI>caibamoyl]. 

mefliyI}.carbamoyl>butyiyIamino].ben2yL 
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24. The complex of claiin 1 wherdn the coni|x>imd of fonnula I is a 
compound of formula (II): 



,l*-(CH2)i, 



(CH2X. 



(II) 



whoein: 



5 each R, is independendy hydrogen or (C,-C4)alkyl, optionally 

substituted with caiboxy (COOH); and each n is independently 2, 3, or 4; 
wherein the compound of formula (D) is substituted on one or more carbons 
other than a carbon of R, with one or more groups -Y(POjlti^; wherein Y is 
linker group; and m is 1 . 2. 3. 4, 5, or 6; or a pharmaceutically acceptable salt 
10 thereof 



a 



25. The complex of clahn 24 wherein each R, is independently (C,-C4)alkyl, 
substituted widi caiboxy. 

15 26. The complex of claim 24 wherem each R, is carboxymethyl. 



is 



27. The complex ofclaim 24 wherein the compound of formula n 
substituted on a carbojipther than a carbon of R, with one or two groups 
Y(PO,HA,. 

20 

28. The complex ofclaim 24 wherein the compound of formula n is 
substituted on carbon with one group -Y(PpjH2Xn. 
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29. The complex ofclaim 24 whoein die linker groiq>Y is an amino 
peptide, a saccharide, or a divalent (C,-C,ft)alkyl chain, optionally comprising 
one or more non-peroxide oxy (-a), -N(R^, or divalent aryi within the chain or 
at the tominus of the diain, which chain is optionally substituted on caifoon with 

5 one or more oxo (=0), fliioxo (=S), or hydroxy, wherein is hydrogen or<C,- 
C4)a]kyl. 

30. 'The con^lex of claim 24 wherein the linker group Y is a divalent (C,- 
C,o)alk)1 chain, optionally comprising one or more non-peroxide oxy (-0-), - 

10 N(R^, or divalent aryl witiiin the chain or at die temiinus of die chain, which 
chain is optionally substituted aa carbon widi one or more oxo (=0), diioxo 
(=S). or hydroxy, wherein is hydrogen or (C,-COalkyi. 

31. The complex of claim 24 wherein each -YCPOjHj)^ is independentiy 4- 
15 [2-(Bis-phosphonomediyI-amino>acetylamino]-benzyl; 4-[4-(Bis- 

phosphonomediyl-caibamoyi)-butyiylamino]-benzyi;4-(33-Bis-phosphono- 
pn»pionylamBK))-benzyi;4-[4-(3-hydroxy^33-bisi>hosphono-piopylcaib^ 
bulyiyhmiino]-benzyl; 4-(3-(2-(Bis-phoq>honomediyl-amino)-acetylammo]-2- 
{[2-(bis-phosphonomediyl-amino)-acctyiamino]-metiiyi}-propionylamino)- 

20 benzyl; 4-(4-{Bis-[(bis-phosphonomethyl-caibamoyl)-methyl].carbamoyl}- 
butyrylamino).benzyl;4-{3-(3,3-Bi5-phosphono-propionyiamino)-2-[(33-bis- 
phoq)hono-pK»pionylamino)-mediyl]-(propionylamino}-benzyl;4-<4-{Bis-[(3- 
hydroxy-3,3-bis-pho5phono-propylcaibamoyl)-mediyl]-caibamoyl}- 
butyiylamino)-benzyl; 4.{4-[(Bis-phosphono-mediyi).caibamoyi]- 

15 butyiylamino)-henzyl;,or 4-[4-(Bis-{[(bis-phosphono-mediyl).carbamoyll- 
medQrl}-caibamoyl)-butyiylamino]-benzyl. 
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32. The coiiq>lex of claim 1 wherem the compound of fonnula I is a 
c(»q)ouiid of fonnula III: 

EN N — I 
N N— I 

m 

wherdm 

each R, is independently hydrogen or (C.-CJalkyl, optionally 

5 substitutedwithcarboxy(COOH);andwhereinthecompoundofWIami^ 
substituted on one or more caibons other than a caibon of R, with one or more 
groups -Y(P(^^„; wherein Y is a linker group; and m is U 2. 3. 4, 5, or 6; or a 
phannaceutically acceptable salt thereof. 

10 33. ThecomplexofcIaim32whereineachR,isindependenUy(C,^,)alkyi, 
substituted with carboxy. 

34. The complex of claim 32 wherein each R, is carboxymethyl. 



15 35. The complex ofclaim 32 wherein the compound of fonnula m 
substituted with one or two groups -YCPOjHJ^. 



IS 



20 



25 



36. n,e complex ofclaim 32 wherein the compound of fonnula m is 
substituted with one group -YCPCVIjX.- 

37. The complex of claim 32 wherein the linker group Y is an amino acid, a 
peptide, a saccharide, or a divalqit (C,^,^l chain, optionally comprisbg 
one or more noni^aoxide oxy (^). .N(R^, or divalent aryl within the chain or 
at the tenninus of the chain, which chain is optionally substituted on cariK>n with 
one or more oxo (=0). thioxo or hydrox^herein R, is hydrogen or (C.- 
C4)alkyl. ' 
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38. The complex of claim 32 wherein the linker group Y is a divaloit (C,- 
C,ft)alkyl chain, optionaUy comprising one or more non-peroxide oxy (-0-), - 
N(R^, or divalent aryl within the chain or at the terminus of the chain, which 
chain is optionally substituted on carbon with one or more oxo (=0), thioxo 

5 (=S), or hydroxy, wherein is hydrogen or (C,^^)alkyl. 

39. Thecomplexofclaim32wheremeach.Y(P03H2X.isindependenUy4- 
[2-(Bis^hoq)honomelhyl-amino)-acetylamino]-benzyi; 4-[4-(Bis- 
phosphonomethyl-carbamoylH,utyrylamino].ben2yl; 4K3,3-Bis-phosphono. 

10 WonyIamino>benzyI;4.[4^3.hydroxy-3,3.bisi^^ 

butyrylamino]Wyl;4<3-(2-(Bis-phosphonomettiyl.amino>acetyl^^^ 
{[2Kbis.phosphonomethyl.amino>acetylamino]-methyl}.propion^^ 
benzyl; 4<4-{Bis.[(bis.phoj,»honomethyl^arbamoyl>methyl]H:arbamoyl} 
bulyrylamino).ben2yl;4.{3-(3>Bis-phosphono-piopionylamino>2^^^^^^ 
15 PlK>5pWpropionylamino).methyl].[propionyIamino}.ben2yl^ 4K4.{Bis-[(3. 
hydroxy-33-bis.phosphono.piopylcarbamoyl>methyl]<arlMmo^^ 
butyrylamino>ben2yI; 4.{4.((Bis-phosphonoHnethyi)K:arbamoyl]. 



20 



butj^laminol-benzyl; or 4^4^is.{[(bis-phosphono.methyl>carbamoyi]. 
methyI}^amoyl>butyrylamino>benzyl. 

40. The complex of claim 32 wherein each R, is indq,«Kiently (C,.C,)allgi 

substituted withcarboxy(C(X)H); and wherein theringis substituted oncari^^ 
vath a group -Y(PO^ or a pharmaceutically accq,table salt thereof 
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41 . The complex of claim 1 Wbsxcia the compound of fonnula I is a 
conqMund of fonnula IV: 




(IV) 



5 whopein: 



each R, is independently hydrogen or (C,.C4)alkyl, optionaUy 
substituted with carboxy (COOH); and each n is independenUy 2, 3, or 4; 
wherein the compound of fonnula IV is substituted on one or more caibons other 
than a carbon of R, with one or more groups -YCPOjHjX,; wherein Y is a linker 
10 group; and m is 1, 2, 3, 4, 5, or 6; or a phannaceutically acceptable salt thereof 

42. The complex of claun 41 wherein each R, is independentiy (C,^4)alkyl. 
substituted with carboxy. 

_.15 43. The complex of claim 41 wherein each R, is caiboxymethyl. 

44. The complex of claim 41 wherein the compound of fonnula IV is 
substituted witii one Qr4wo groiq>s -Y(P03H2);g. 

20 45. The complex of claim 41 wherein the compound of fonnula IV is 
substituted with one ffoup -YCPOjiy^ 

46. The complex of clahn 41 wherein the Hrtker group Y is an amino acid, a 
peptide, a saccharide, or a divalent (C,-C„^ chain, optionally con^sing 
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one or more non^xide oxy (-0-), -N(Rj)-, or divalent aiyl within the chain or 
at the tenninus of the chain, which chain is optionally substituted on carbon with 
one or more oxo (=0), thioxo (=S), or hydroxy, wherein is hydrogen or (C , - 
C4)alkyi. 

5 

47. The con^lex of claim 41 wherein the linker group Y is a divalent (C,- 
C,o)alkyl chain, optionally comprising one or more non-peroxide oxy (-O), - 
N(Rd)-.^r divalent aryl within the chain or at the tenninus of the chain, which 
chain is optionally substituted on carbon with one or more oxo (=0), thioxo 

10 (=8). or hydroxy, wherein is hydrogen or (C,-C4)alkyi. 

48. The conq>]ex of claim 41 wherein each -YCPOjHj), is mdependently 4- 
[2-(Bis-phosphonomethyl.amino>acetylamino]-ben2yl; 4-[4-(Bis- 
phosphonomethyi<arbamoyl>butyrylamino]-ben2yl; 4-(3,3-Bi8-phosphono. 

15 P«>Pionylamino>ben2yl;4-[4.(3.hydroxy-33-bis-phosphono-pr^^ 
bntyryIamino>ben2yi;4^3-[2-(Bis^>hoq)honomcthyI-amino>acetyte^ 
{[2-(bis.pho89)honomethyI-amino)-acelyiamino]-methyl}-propionylamino). 
benzyl; 4-{4-{Bis.[(bis-phosphonomethyl.carbamoyl>methyl^carbamoyl). 
butyiylaminoVbenzyl; 4.{3-(33-Bis.phosphono-pn)pionyIamino)-2-[(33.bis- 
20 PM>lK)no-propionyIamino)-methyl]-[propionylamino).ben2yl; 4<4-{Bis.{(3- 
hydroxy.3,3-bis-pho^honoijropylcarbamoyi).melhyl].carbamoyl)- 
butyrylamino).benzyl;4-{4^(Bis.phosphono.methyl>carbamoyl]- 
butyiylammo}4>en2yI;or4.[4-(Bis.{[(bis-phosphono-m^^^ 
methyl}K;arbamoyl>butyrylamino]-baizyl. 

25 

49. The complex of claim 1 wherein the compound of formula I is 

(6-{4-(2<Bis-phosphonomethy|.amino>acetylamino]-ben2yi>w|,7,io.tri^ 
caiboxymelhyI-l,4,7,104etraaza-cyBlododec-l.yl>acetic acid; 

(6.{4-(4-(Bisi)ho^honomethyl-Karbamoyl>butyiylamino]-benzyl>^.7,10.tri 
30 carboxymethyl-l,4,7,10-tetraa2a<yclododec-l^>aceticacid; 
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{3-[4K33-Bis-phosphoiio.propionyIaimno>ben2y!K74^ 
l>4,7,10.tetraaza«yclododec-l-yl}-acedc acid; 

(4.7a<VTrisKattboxymelhyl-3-{4-[4K3-hydn)xy-3,3-bis-ph 

caibamoylHutyiylamino]-benzyi}-lA7.10-tetraaza-cycI^ 
5 acid; 

{3-[4-(3-[2-<Bis-phosplionomeUiyl-amiiH)>acctyIaiiiinoJ-2-{[2 
phoj5)honomethyl.ainiiio>ace^dammo]-methyl).pi^^ 

4,7a0-teis^arboxyme%l-l A7.10tetraaza<yclododec-1-^ acid; 

{6-[4-(4-{Bis-((bis-phosphonomethyl-^:arbamoyl)-methyl]H»rbamoy^ 
10 butyiyiamino>ben2ylK740-tris-caiboxyme%l.l^ 
>d}-acetic acid; 

[3-(4-{3-(33-Bis-plioq)hono-propi(mylainiiio>2-[(3>bisi)hosph^^ 

pn>pionyiamiiio>melhyI]^pionylamino}-bmyim 
IA7,10tetraaza-cyclododec-l-y]]-aceticacid; 

15 {6-[4-{4-{Bis-[(3-hydroxy.3,3.bis-phosphoiio-propylcaibamoyl>methyl]- 
carbamoyl}.butyiylaimiioH>en2yiHJ,10.tris<^ 
cyclododec-l-yl}-acetic acid; 

[6^4-{4.[(Bis-phosphonoHnethyi)<aibainoyl]-butyiy! 

tris.caiboxymethy|-l.4.7.10tetraaza^lododec.l-yl]-acetic acid; or 

20 (6-{4-[4[(Bis-{[(bis.phosphono-methyl)<arbamoyl].mc%l}-c^ 

butyiylamino]-benzylH,7.10-tris^:arboxyinethyl-lA7Jtt 
_ l-yiyacedc acid. 

50. The complcK of claim 1 whidi comprises a detectable radionuclide 

25 

51. The complex of claim 50 wherein the detectable radionuclide is 
Technetium.99m, Ruthenium-97. Indium-1 1 1 . GaUium^? or ^58. or Lead.203. 

52. Thecomplex of claim 1 which comprises a therapeutic radionucUde 

30 
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53. The complex ofclaim 52 whereto the therapeutic radioimc^^ 
Hoteiium-166, Yttriuin-90, Sainarium-153, or Gadolinium- 159. 

54. The complex of claim 52 wherein the therapeutic radionuclide is 
5 Holmium-166. 



55. A mediod for detecting the presence or absence of a calcified tissue target 
ate wifflin a mammal, comprising: 

administering to the mammal a detectable dose of a complex of 

10 claim 50; and 

detecting the compound in the mammal to determine the presence 
or absence of die target site. 

56. A therapeutic method for suppressing bone marrow in a mammal m need 

15 ofsuchtherapycomprisingadministeringtothemammal.aneffectivebone 
mairow suppressing amount of a complex of claim 52. 

57. A ther^)ewic method for treating cancer in a mammal in need of such 
therapy comprising administering to the mammal, an effective amountof a 

20 complex of claim 52. 

58. Atherapeuticmethodfortreatingbonepaminamammalmneedofsuch 
tlieiapy comprising admmistering to the mammal, an effective amount of a 
complex of claim 52. 

25 

59. Atherapeuticmethodfortrcatingabonerelateddiseasemamammalm 
need of such therapy comprising administering to the mammal, an effective 
amount of a complex of claim 52. 



is an 



30 60. The method ofclaim 59 wherein tiieboiafe related disease] 

immunological disorder, a metabolic disease, an mfection, an mfectious disease, 
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an mflammatQiy disease, a hematopoietic disorder, or a condition treatable with 
stem ceU transplantation, with or without gene therapy, that utilize bone marrow 
ablation. 

5 61. The method ofclaim 59 wherein the disease is Crohn^ disease, 

iheumatoid arthritis, multiple sclerosis, osteoporosis, osteopenia, osteomyeKtis, 
Paget's disease, sickle cell anemia, or a lysosomal or peroxisomal storage 



10 62. A pharmaceutical composition comprising the complex of claim land a 
pharmaceutical^ accq>table canier. 

63. The complex as described in any one of claims 1-49 for use in medical 
thorny or diagnosis. 

IS 

64. The use of a complex of any one of churns 1-49 to prepare a medicament 
useful for suppressing bone manow m a mammal 

65. The use of a complex of any one of claims 1-49 to prq>are a medicament 
20 useful for treating cancer in a mammal. 

66. The use ofa complex ofany one ofclaims 1-49 to pn^are a medicament 
useful for treating bone pain in a mammal. 

25 67. The use of a complex of any one of claims 1-49 to prepare a medicament 
useful for treating a bone related disease in a mammal. 
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